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INTRODUCTION 
The c lass ica l Gondwana formations of the Indian subcontinent occur 
as isolated ou t l i e r s , mainly in the northern half of peninsulfir shield 
area . These isolated ou t l i e r s , more commonly cal led the Gondwana 
basins or coalf ie lds , generally occur in linear bel ts and have been 
grouped by early workers (Oldham, 1B93; Fox, 1931, 1934; Pascoe, 1959; 
Krishnan, I960, 1968; Wadia, 1961) a r b i t r a r i l y and for the sake of 
convenience into five geographic be l t s , designated after a prominent land 
mark of the region—either a drainage or a h i l l . Thus from east to 
west there are Rajmahal coalf ields of north Bihar, Damodar Valley coal-
fields of West Bengal and Bihar, Son and Mahanadi coalfield s i tuated in 
Madhya Pradesh and Orissa, Godavari Valley coalf ields of Andhra Pradesh, 
and coalfields of the Satpura basin in centra l Madhya Pradesh (Fig. 1). 
The Gondwana rocks of India, par t icu lar ly the Lower Gondwana sedimentary 
rocks, have been a subject matter of keen geological in te res t ever since 
the discovery was made by the Geological Survey of India in the year 1774 
that these rocks form the pr incipal repository of banded bituminous coal . 
Most of the early geological investigations were confined to the productive 
coalf ields of Bengal and Bihar and were directed toward the exploration 
of coal, and less so toward the objective examination of associated 
sedimentary rocks. However, a great deal of sedimentoloqical work has 
been carried out in the last decade or so par t icu la r ly on the Lower 
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Fig. 1 Index map showing the location of the Pench volley coalfield and also 
the distribution of more important Lower Gondwona coalfields in Peninsular India 
Gondwana rocks of Bengal and Bihar (Rao, 1957; Banerjee, I960, 1963, 
1966; Srivastava, 1961; Niyogi, 1961, 1966; Sen, 1967; Rao, et al., 
1967) as also in a few isolated coalfields of Madhya Pradesh (Casshyap 
and Jain, 1970) and Andhra Pradesh (Sengupta, 1966, 1970). 
1.0 PURPOSE OF INVESTIGATION 
The Satpura Gondwana basin in general and the Pench Valley coalfield in 
particular have not attracted so far the attention of modern sediraento-
logists, and whatever little we know about the Lower Gondwana sedimentation 
of this area is based on generalised accounts of early workers (Fox, 1931, 
1934). The present Investigation in the Pench Valley coalfield is an 
attempt to examine closely and objectively the lithologic and sedimentary 
characters of the Lower Gondwana rocks, their texture and mineral 
composition and to carry out systematically paleocurrent analysis with 
a view to determine the dispersal pattern and paleoslope, provenance, 
and depositional environments of the Lower Gondwana rocks. An attempt 
is also made to analyse the relative role of tectonisra and climate in 
controlling the evolution of Lower Gondwana sedimentation. The choice of 
this particular area was based on the reason that It formed a part of 
the outliers (Satpura basin) which represents the western-most outcrops 
of the Lower Gondwana rocks of peninsular India. It is hoped that the 
sedimentation history of the Lower Gondwana rocks of this area may 
provide clues which may be vital for the reconstruction of Lower Gondwana 
paleogeography in this part of peninsular India. 
2.0 LOCATION AND ACCESS 
The Pench Valley coalfield situated in the district of Chhindwara, 
Madhya Pradesh, about 100 km north-northwest of Nagpur, forms the 
southeastern limit of the Satpura basin (Fig. 1). The name "Pench 
Valley" is derived from the river Pench which drains from northwest 
to southeast through the length of the coalfield. The entire area 
about 250 sq km falls in 55J/12 and J/16 topographic sheets of the 
Survey of India, and is easily accessible by railway connecting Parasia 
Junction, the main Railway station of the coalfield with Amla Junction 
on the main line of the Central Railway about B4 km to the west, and 
Chhindwarsf Junction on the narrow gauge line of South Eastern Railway 
about 27 km to the southeast. Parasia is also connected by road by way 
of Chhindwara and Piparia. The Pench Valley coalfield represents a 
rolling topography in which the low lying areas of Gondwana sedimentary 
rocks are frequently interrupted by large and small hiils of Deccan 
trap flows. 
3.0 SCOPE OF PRESENT INVESTIGATION 
The present study is mainly concerned with the stratigraphy and sedi-
mentology of the Lower Gondwana sedimentary rocks of the Pench Valley 
coalfield. Geological mapping of the study area was carried out on a 
scale of 5 cm = 1.6 km (2 inches to a mile) in the three winter sessions 
of 1968, 1969 and 1970. The three Lower Gondwana formations that occur 
in the study area are as follows in ascending order—Talchir, Barakar and 
a 
Motur. Apart from geological mapping suitable stratigraphic sections 
for each formation were measured in as many localities as possible. A 
systematic paleocurrent study of the rocks was made with the help of 
directional structures which include large- and small-scale cross-
bedding, ripple marks and azimuth of plant fragments. Wherever 
possible, the paleocurrent data was supplemented by dimensional pebble 
fabric of the embedded clasts in diamictite units. A detailed and 
systematic particle size study of the rocks was carried to examine the 
variation in the character of sediment load as also to analyse the 
attending depositional processes. Heavy mineral study was undertaken 
from randomly selected samples of each formation. Thin sections of 
rock samples were examined under a petrographic microscope to determine 
the mineral composition separately for Talchir, Barakar and Motur strata. 
For reasons of genetic interpretation, particular emphasis was laid on 
the relative size and roundness of detrital quartz and feldspar. 
An integrated account of stratigraphic and lithologic characters, primary 
sedimentary structures, paleocurrent analysis, texture and mineralogy 
of the three formations was used to reconstruct the sedimentation history 
of Lower Gondwana rocks of the Pench Valley coalfield, as also to analyse 
the possible factors which controlled the evolution of Lovjer Gondwana 
sedimentation. 
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CHAPTER I 
GENERAL GEOLOGY 
Inasmuch as the published geo log ica l account of t h e Lower Gondivana 
rocks of the Pench Valley c o a l f i e l d (Fox, 1934; Pascoe, 195P; Chandra, 
1971) does not Include appropriate de ta i l s regarding s t ra t ig raph ic , 
l i thologic and sedimentary characters , i t was desirable that the rock 
assemblage in and around the study area is adequately examined and 
re-mapped. Apart from examining each l i thologic unit comprehensively, 
an attempt was made to recognise, wherever possible, smaller mappable 
units and to trace these up to as far as possible within the limits of 
the study area . Lithologic and sedimentary characters of each mappable 
unit have been described at length separately (Chapter IT). 
1.0 STRATIGRAPHIC N(»1ENCU\TIJRE 
Table 1 records two of the ea r l i e s t c lass i f ica t ions of the Gondwana rocks 
of India. One is the "two fold" c lass i f ica t ion proposed by H.B.Medlicott 
and W.D. Blanford in 1R79 (see Fox, 1931, p.78) and strongly supported by 
Fox (1931) on the basis of f lo ra l content. The other is the "three fold" 
c lass i f i ca t ion proposed by Vredenburg (1910) on the basis of deposttional 
environments and prevailing climate following the tenta t ive suggestions 
put forward by Fiestraantel (1882). However, subsequent workers found the 
former c lass i f ica t ion more pract ical and f lexible than the l a t t e r , and 
Currently th is is the one followed by most workers including the Geological 
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Survey of India (Table 1) 
-^  
Tn this country, as elsewhere, s trot igraphers of the la ter half of the 
nineteenth century commonly used a scheme of s t ra t iqraphic nomenclature 
which had evolved through usage and convention, and was apparently meant 
to be subject ive. Thus among the ea r l i e r schemes of c lass i f ica t ion of 
Gondwana rocks, some used c lass i f ica tory terms like 'System', ' S e r i e s ' , 
'S tage ' and 'Substage' fHughes, iQfiB) whereas others used terms such as 
'System', 'Se r i e s ' and 'Group' e t c . (Ball , 1877; Fiestmantel, 1BR2; 
Oldham, 1893). More or less a similar c lass i f ica tory terras for Gondwana 
rocks were adopted indiscriminately by subsequent workers (Fox, 1931, 
1934; Krishnan, 1949, 1960; Pascoe, 1959). 
However, following the publication of 'St ra t igraphic Code' by the 
American Commission on Stratigraphic Nomenclature (1961) which 
has since been widely accepted in the same form or modified form, i t 
was fe l t by many workers that a revised s t ra t igraphic nomenclature be 
framed for the "Lower" and "Upper" Gondwana rocks of India. Currently 
there seems to be l i t t l e consensus as to the scheme of s t ra t igraphic 
nomenclature to be followed in the case of Lower Gondwana rock sequence. 
Some workers have favoured a t ime-strat igraphic (Chrono-stratigraphic) 
scheme of c lass i f ica t ion (Krishnan, I960, 1968; Ghosh and Basil, 1967) 
whereas others c lass i f ied and named Gondwana rocks on the basis of 
l i tho-s t ra t igraphic scheme of c lass i f ica t ion (Sen, 1965; Sengupta, 
1970; Casshyap, 1970; Casshyap and Qidwai,1971). 
1 The 'Code of Strat igraphic Nomenclature of India '(1971), published 
recently, hardly differs in deta i ls with the American Strat igraphic 
Code referred to above. 
Xndeed the Lower Gondwana rocks of Peninsular India are fossiliferous, 
but mostly they contain a variety of plant fossils. Faunal remains 
occur only in two formations locally in small isolated outcrops which 
lie far apart, and include both invertebrate and vertebrate fauna. 
Invertebrate fossils have been reported only from three localities 
(Uraaria, Manendragarh and Daltonganj) in eastern Madhya Pradesh and 
western Bihar and are restricted to rocks representing the basal unit 
of the Lower Gondwana sequence, called Talchir "Series" (Reed, 1928; 
Thomas, 1954; Sahni and Srivastava, 1956; Sastry and Shah, 1964). The 
vertebrate fauna is reported only from one locality in central Madhya 
Pradesh (Bijori) from rocks of the upper part of Lower Gondwana locally 
called Bijori "Series" (Lydekker, 1885, see Pascoe, 1959, p. 957). 
Likewise, an isolated occurrence of pelecypod is reported from a core 
sample of the Raniganj unit from Keridari locality in North Karanpura 
coalfield iChandra, 1969). 
Krishnan (I960, 1968, p.240) adopted the time stratigraphic classification 
but gave no justification for doing so. Recently Ghosh and Basu (1967, 
pp. 408-410) put forward interesting arguments to suggest that the 
Karharbari unit of Lower Gondwana (a rock unit known to lie in some 
places between Talchir "Series" below and Barakar "Series" above) can be 
given the status of a chronostratigraphic unit, and, without giving 
evidence or justification whatsoever, presented the time-stratigraphic 
classification for the Lower Gondwana assemblage of rocks as a whole. 
Perhaps the very basis of Ghosh and Basu's thesis to consider Karharbari 
1 
as a Chronostratigrophtc unit is a subject matter of controversy 
inasmuch as the 'Dknsria Marine Beds' has been regarded by them to 
represent the lower most unit of Karharbari (loc c i t , , p . 410), a l thou^i , 
as argued by Ahmad (1957, p . 476), this marine bed is more likely the 
upper part of Talchir uni t . Furthermore, wherever recognised, in the 
type area or elsewhere, and even at Unaria, the Karharbari rocks are 
known to be to ta l ly devoid of fauna 1 remains, and so are most other 
subdivisions of Lower Gondwana with the exception of a few isolated 
and widely apart outcrops referred to above. Indeed these isolated 
fossi l i ferous occurrences have been helpful in assigning a sui table age 
to the respective stratum, but these sporadic fauna 1 remains can hardly 
provide a jus t i f i ca t ion to conceive a t ime-strat igraphic c lass i f ica t ion 
for the en t i re Lower Gondwana sequence. Similarly, a lot more study is 
required before aopropriate "index" fossi ls for plants and spores are 
discovered, without which the f loral elements should not be used as 
su i tab le parameter for sub-dividing the Gondwana sequence into relevant 
t ime-strat iqraphic units (Hart, 1967, p . 24; Baksi, 1967, p . 123). Thus 
with the present stage of our knowledge i t is not desirable to pos tu la te , 
on the basis of faunal or plant remains,a c lass i f ica t ion of the Gondwana 
s t r a t a based on t ime-strat igraphic nomenclature, a view subscribed by 
several workers recently (Baksi, 1967; Sengupta, 1970). 
Indeed, plant fossils and (or) spares can be used to suitably subdivide 
the Gondwana rocks following a biostrat igraphic scheme of nomenclature as 
recently attempted by Shah, e t a l . , (1970) for Lower Gondwana rocks of 
India and Hart (1967) for the Karroo sequence of south Africa. Several 
ir. 
workers in recent years have argued in favour of rock-stratigraphic 
classification for the P'onriwana sequence (Sen, 196B; Baksi, 1967; 
Sengupta, 1970) and used in their respective studies a rock stratigraphic 
nomenclature (Sengupta, 1966, 1970; Casshyap, 1970; Casshyap and 
Qidwai, 1971). Inasmuch as the object of the present investigation is 
mainly sedimentoloqical, a rock-stratigraphic (litho-stratigraphic) 
scheme of classification is the one most suitable and purposeful. Under 
this scheme of classification, the fundamental rock unit is a 'Formation* 
which apart from having a distinctive set of lithologic character should 
be manpable on a scale of 1:25,000 (Ame. Com. Str. Nom., 1961, Art. 6.d). 
Most of the Gondwana rock units satisfy the qualifications of a 'Formation' 
and can be further subdivided into 'Members'. Thus the terms like 'Stage', 
'Series' and 'System' of the Gondwana stratigraphy currently followed by 
the Geological Survey of India should be suitably replaced by appropriate 
terms like 'Member', 'Formation' and 'Group'. The geographic name used 
in the existing scheme of classification have been retained, firstly 
because each of the names is quite appropriate, secondly, all these are 
deeoly entrenched into the geologic literature. For the same reason the 
term "Lower" Gondwana has been retained. However, pending the standardiza-
tion of this nomenclature, the terms 'Member', 'Formation' and 'Group', 
have been used throughout the text informally without capitalising the 
first letter. 
2.0 STRATIGKAPHY 
A generalised stratiqraphic sequence of the Ppnch Valley coalfield as 
1 . % 
recognised in the present study is given in Table 2 and the geological 
map in Fig. 2 (cover pocket). With a few exceptions, stated elsewhere 
in th i s chapter, the geological map prepared herein resembles closely 
with the unpublished Geological map prepared by C.S. Fox during 1923-25 
(Fox, 1934. p . 276). 
The Lower Gondivana rocks of the Pench Valley coalfield rest discordantly 
on the Archaean complex, and, in turn, are overlain unconformably in 
places by Infra-Traopean pebbly conglomerate ( Jurass ic ) , but generally 
by the Deccan trao flows (Cretaceous-Eocene, Krishnan, 1960, p . 485), 
The sedimentary rocks occurring more or less in linear belts comprise 
Talchir , Barakar and Motur formations, in the ascending order. The to ta l 
thickness of the sedimentary s t r a t a is approximately 900 to 1200 metres, 
and the overall s t ructure of the area simple in that the regional dip is 
uniformly about 6 to 10 to the north with s t r ike trending more or less 
eas t -west . 
2.10 Archaean Basement 
To the south and southwest of the Pench Valley coalf ie ld, at most places, 
tYe Deccan lava flows have covered the contact between the Archaean complex 
and the Lower Gondwana rocks. The outcrops of the Archaean rocks occur 
mainly to the east and southeast of the coalf ield and extend far ther in 
that d i rec t ion . In the vic ini ty of the coalfield and beyond, the Archaean 
complex comprises garnetiferous mica schis t , porphyritic granite of 
Chhindwara, Bijawar limestones, banded hematite quar tz i te and shales , 
Dharwar metasedimentary rocks and gneisses and schis t s (Fox, 1934, p.243). 
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2.20 Talchir Formation 
The oldest sedimentary formntion of Lower Gondwana to occur in Pench 
Valley, as also in all other coalfields of Peninsular India, is the 
Talchir formation. It derives its name from the township of 'Talcher' 
in the state of Orissa (Blanford et al., 18B6, p. 46) bordering the 
southeastern coast of India. This formation has a faulted contact with 
the underlying Archaeans and crops out in the study area in two belts 
(Fig. 2, cover pocket). The one in the west, is well exposed and 
occunies fairly large and extensive area, while the other in the eastern 
part occurs as a small narrow faulted patch. The Talchir rocks in the 
study area, as anywhere else in Peninsular India, are marked by a typical 
olive green colour. Among the best outcrops of this formation are those 
met with along the course of Bhangi Nala and Budhwara Nala in the western 
part. 
By and large the Talchir fornation consists of an interbedded sequence of 
paraconqiomerate (Pettijohn, 1957a, p. 254), sandstone and shale with 
occasional lenses of pebble conglomerate (Table 2 ) . The paraconglomerate 
which comprises pebbles, cobbles and boulders, sporadically dispersed in 
a muddy to sandy and calcareous matrix, is more appropriately a 
'diamictite' (Flint et al., I960, p. 1P09). 
A series of traverses along the drainage courses referred to above have 
yielded an orderly sequence of lithologic units most of which are 
laterally traceable and grossly mappable. The lithologic units are shown 
schematically in the geological map of the study area (Fig.2, cover pocket). 
\c 
and l is ted in Table 3 in descending order: 
Table 3 : Lithologic units and subunits of the Talchir formation. 
Formation 
Talchir 
Units 
D 
C 
B 
A 
Subunits 
s 
C2 
^1 
h 
h 
Ag 
H 
Gross litholoqv 
Polymictic conglomerate and 
interbedded sandstone and sha 
Shale 
Interbedded sandstone 
and shale 
Sandstone 
Diamictite 
Sandstone 
Diamictite 
Sandstone 
Interbedded sandstone 
and shale 
Sandstone 
Diamictite 
The available Talchir s t ra ta in the study area par t icu lar ly in the 
western part exhibits three mappable units of diamicti te (Units A, B 
and C) separated by a variable assemblage of green sandstone and shale 
recorded as subunits. The uppermost unit D which represents a 4P> m-thick 
qradational passage between Talchir and Barakar has been referred to 
herein as " t rans i t ional zone". The l i thologic sequence comprises largely 
polymictic conglomerate, sandstone and shale . Several workers have 
referred to the poss ib i l i ty of occurrence of Karharbari "Sta^e" between 
the Talchir and Barakar formations in the Pench Valley coalf ield (Oldham, 
1893; Pascoe, 1959) although none specifies the local i ty where these 
1 7 
roclcs occur. Recently Ghosh and Basu (1967, p la te 1) i l l u s t r a t ed the 
occurrence of Karharbari rocks in the Pench Valley coalfield at a 
local i ty which nearly coincides with the one where the conglomeratic 
sequence of unit D has been recognised in the present study. This 
conglomeratic sequence occasionally includes, interbeds of green sand-
stones and shale similar to those which character ise the underlying 
Talchir s t r a t a . Based on s t ra t lgraphic and l i thologic evidence, the 
sequence of the t runsi t tonal zone seems to represent a perfect 
continuation of the underlying Talchir, and there is l i t t l e f ield 
evidence to regard these rocks as a separate s t ra t igraphic unit equivalent 
to Karharbari "Stage". 
Approximate minimum thickness of the Talchir formation in the western part 
is about 180 to 240 metres. There are a few outcrops within the Talchir 
s t r a t a of the study area showing well preserved plant fossi ls most of 
which are fragments of Glossopterdn^s . 
2.30 Barakar Formation 
The group of rocks that l ies above the Talchir was named 'Barakar Ser ies ' 
by Thomas Oldham (1R61, p . 212) af ter the Barakar r iver which flows close 
to the border of the States of Bihar and West Bengal as a t r ibutary to 
the Damodar r ive r . 
In most places the lower contact of Barakar formation is faulted against 
the underlying Talchir . Wherever th is contact is normal, such as at a 
locali ty south of Nazarpur, the underlying Talchirs are separated from 
If. 
the Barakar through a gradational zone about 4R m thick. The Barakar 
rocks occurring in linear belts seldom retain their lateral continuity 
along or across the strike of the beds because of frequent faults, with 
the result that in some places these rocks occur only in small narrow 
patches. T^e Gondwana outcrops near Sirgora and Haranbhata east of 
Parasia occurring as isolated outliers (Fig.2, cover pocket) are yet 
another example of a faulted patch. Some of the best outcrops of the 
Barakar formation are found south of Ambara near Barkuhi, southeast of 
Parasia and northwest of Chandametta village. 
Lithologically, the Barakar formation is made up predominantly of 
sandstone which generally weathers to buff and earthy to gray colour, 
and exhibits a variable texture from very coarse, coarse to medium and 
fine grained. The bulk of the Barakar sandstone is soft or semifriable. 
However, locally, near some faults, it becomes relatively hard and 
compact. Interbedded with sandstones are, as a rule, thin beds of shale 
and banded bituminous coal. Approximate minimum thickness of this 
formation in the study area is 90 to 120 m. Plant fossils are on the 
whole rare in coarse sandstone members but parts of (?) Dadoxylon tree 
trunks (personal oral communication by P.K, Maithy, Palaeobotanical 
Institute, Lucknow) have been discovered at a few localities (Plate 1). 
However, poorly preserved plant fossils commonly occur in fine sandstone 
and shale, and among the common variety are fragments of vertebraria. 
Ganqamopteris and Glossopteris. 
PLATE 1 
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2.40 Motur Formation 
Medlicott (1873, p. 161) proposed the name 'Motur Stage' to the group 
of rocks which overlies the Barakar strata in the Pench Valley coalfield 
and westward in the Kanhan and Tawa Valley coalfields of Satpura basin. 
Tt derives its name from a village 'Motur' a place 50 km northwest of the 
study area, and, interestingly, not located on the rocks for which the 
name was oroposed. Although a nomenclatural fallacy, the name is too 
popular and entrenched in the Indian geologic literature to be replaced 
(Fox, 1934, p. 17). This unit has been correlated by early workers with 
the 'Barren measures' of the Damodar Valley coalfields (Oldham, 1R93; 
Fox, 1931; Pascoe, 1959; Krishnan, 1968). 
In the study area the Motur formation generally shows a faulted contact 
with the underlying Barakar. Tn places, particularly in the eastern part 
near Parasia, and east of Harrai, the basal Motur are feldspathic 
conglomeratic sandstone and conspicuously include angular pebbles of 
feldspar, subsidiary jasper and small ciasts of sandstones (? Barakar). 
This unit grades upward into a sequence of red and green mudstone which 
are typical rock types of the Motur formation in this area. The above 
mentioned lithology of the basal Motur is indeed distinctive from the 
underlying Barakar strata and may imply a disconformity between Barakar 
and the succeeding Motur formation. Both Fox (1931, p. 161) and Pascoe 
(1959, p. 959) refer to the presence of disconformity between Motur and 
Barakar in Pench Valley coalfield although they neither cite evidence to 
prove their point nor any specific locality where this feature is observed. 
«i r^  2; 
However, for other loca l i t i es in the area where the above mentioned 
feldspathic conglomeratic sandstone is not available there is indeed 
l i t t l e evidence to support a disconformable contact . Among the best 
sections of Motur noteworthy are those exposed along the banks of r iver 
Mandhan, Pench, Sukri and Ghatamali, and creek near Jatachapar coUeiry 
and southwest of vi l lage Bichhua. 
Tn the geological map prepared by Fox between 1923-2S the Motur formation 
is shown as a single rock uni t . However, the geological mapping by the 
author recognises two members in the Motur formation: (1) lower member, 
cal led herein Unit A and, (2) Upper member, csUed herein Unit B (Table 2) 
Both the units are l i thological ly d i s t inc t , raappable and la tera l ly 
extensive (Fig. 2, cover pocket) . The contact between the two units i s , 
however, marked by the Darwai fault (name proposed by the author) a l l 
along the length of study area . 
2.41 Unit A (Lower Motur) 
The ae r i a l extent of Unit A, and the l i thologic characters are almost 
exactly the same as those of "Motur Series" as recognised by Fox (1923-25; 
1931, pp. 160-161) in the Pench Valley area. The bulk of this rock unit 
comprises an interbedded assemblage of brownish red and green clay and 
green, gray very coarse, coarse to medium sandstone. 
2.42 Unit B (Upper Motur) 
The outcrops of Unit B occur north of Danwai and Morkund faults all along 
from east to west and extend upto the northern limit of the study area. 
(\ r*\ 2. 
Stratiqraphically, this unit may well be a representative of upper Motur 
(Fig. 2, cover pocket). As opoosed to the lower Unit A, the Unit B is 
predominently a grey to white pebbly, very coarse to coarse sandstone, 
red and green beds of clay are thin and sporadic. In the geological map 
prepared by Fox (loe cit.) this rock unit is shown as the 'Barakar' 
formation. Listed below are several arguments against this unit being 
labelled as *Barakar' formation: (1) The Danvai fault wl'ich separates 
Unit A to the south ('Motur series* of Fox) from Unit B to the north 
('Barakar' series of Fox), has in all probability a down throw to the 
north, which brings the outcrops of Deccan trap in contact with the 
Motur strata. With the general dip to the north, the patch under question 
cannot represent the Bamkar formation which is a unit lying below the 
Motur, On the other hand it can well be a member younger than Unit A 
herein called, arbitrarily, upoer Motur or Unit B. A schematic geological 
section in Fig. 3 elucidates the above interpretation. (2) Although 
predominance of sandstone in Unit B is a feature common to the Barakar 
formation at no place does Unit B exhibit outcrop of coal - a feature 
diagnnastic of the Barakar strata. It is interesting to note that drilling 
made by the Shaw Wallace Co. (now called Poddar and Co.) some years back 
through the Unit B at Darwai and Bichhua villages near the northern 
limit of the study area failed to yield coal or even carbonaceous shale 
(Roy Chowdhry, Chief Surveyor Poddar and Co., Parasia, personal oral 
communication, 1970). (3) Bed and green clay and mudstone beds, occurring 
prominantly in Unit A, persist in the succeeding Unit B as thin and 
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occasional interbeds particularly in the lower part. Some good outcrops 
of the mudstone interbeds in Unit B occur near Dorli village. 
Approximate thickness of Units A and B is about 600 m and 75 ra, respectively, 
Plant fossils are extremely rare in the Motur formation. Pascoe (1959) 
reported the occurrence of a few silicified wood from this formation 
without citing a locality as also some plant fossils like Glossopteris 
indica and £. conspicua. As referred to earlier the author discovered 
silicified wood from the Barakar formation of the study area and none 
from the Motur formation. 
2.50 Pebbly Conglomerate 
A distinctive pebbly conglomerate unit, described by Fox (1934, p. 244) 
as "Tnfra-trappean grits", occurs locally in some disconnected outcrops 
at some places south of Khirsadoh, Haranbhata and Sirgora. This unit 
is conspicuous by its lithology in that it is largely made up of 
subangular to subrounded pebbles of red jasper, grey and yellowish 
quartzite, quartzose fragments and medium sandstone. These clasts are 
embedded in a coarse to medium sandy matrix which appears greenish where 
the outcrops is close to Deccan trap flows. 
Fox (1934, p. 277) has expressed the opinion that "these conglomerates 
are possibly representative of the highest upper Gondwana beds, but it is 
not possible to fix their age without fossil evidence". However, Chandra 
and Ghosh (1960) have assigned this unit to the "Jabalpur Series" which 
apparently belongs to Jurassic period (Wadla, 1961, p.lBl; Krishnan,1968). 
2r 
2.60 Deccan Traps 
The basic igneous bodies which occur extensively in the study area are 
commonly called Deccan traps (Krishnan, 196P, p. 304). These iqneous 
bodies are mostly extrusives and occur as lava flows, though at some 
places they occur as sills and dykes. Petrographically the traps are 
reported to be doleritic and basaltic in composition (Krishnan, 196R, 
p. 295). The Deccan traps are more abundant in areas occupied by 
Talchir and Barakar formations and mostly run eastwest. Additionally, 
the traps occur as small isolated outliers, possibily representing 
remnants of the uneroded portions of the lava flows. Owing to the 
large scale igneous activity related to Deccan trap flows, outcrops of 
Lower Gondwana rocks in the area occasionally occur in discontinuous 
patches. In some places the outcrops of traos continue into the 
adjoining Archaean country beyond the limits of Gondwana basin (Fig. 2, 
cover pocket). 
2.70 Structure of the Area. 
The Gondwana rocks in the Satpura area lie in a synclinal basin trending 
east-northeast west-southwest (Fox, 1934, p. 244). The southern boundary 
of the Pench Valley coalfield, which is also the southern limit of the 
Satpura basin, is faulted. Structural strike in the area trend more or 
less east-northeast-west-southwest with dip varying 5*^  to 12° in 
northerly direction. Numerous strike faults have affected the sedimentary 
formations and some even the outcrops of Deccan trap. The effect of 
faults on lithologic units through which they cut across is seldom 
2' 
noteworthy except at a few places where sandstones become indurated and 
compact. Abrupt termination of the outcrops is the only criterion to 
recognise and trace the faults laterally. Most of these faults are 
apparently 'normal strike faults' (Chandra and Ghosh, 1960). Many of 
these faults are local but some others are traceable laterally throughout 
the length of the basin. Noteworthy among these are the "Barkuhi fault", 
the 'Morkund fault' and the 'Darwai fault' (Fig. 2, cover pocket). 
Locally some diagonal and oblique faults are also present. Apparently 
area 
most faults in the study/are post-depositional and pre-Deccan trap 
whereas some are decidely post Deccan trap. The former faults displace 
only the sedimentary formation of lower Gondwana, whereas the latter, 
like the Darwai fault, are those which affect both the sedimentary strata 
and neccan trap bodies. 
2.80 Regional Correlation 
The three main linear belts of coal-bearing Lower Gondwana basins in 
Peninsular India shown in the inset of Fig. 1 are (1) The Daraodar Valley 
coalfields of West Bengal and Bihar; (2) The Mahanadi and Son Valley 
coalfields of Orissa and eastern Madhya Pradesh; (3) The Godavari, Pench 
and Kanhan Valley coalfields of Andhra Pradesh and western Madhya Pradesh. 
These Gondwana basins although generally disconnected and occurring as 
isolated outliers in the Precambrian complex, exhibit a remarkably similar 
lithologic sequence. The different lithologic units of the Gondwana 
sequence in each coalfield show striking similarities of characters with 
their counterparts in other coalfields. Thus, the overall colour,texture, 
2 p. 
associated sedimentary structure, gross mineral composition and the 
assemblage of plant fossils of each lithologic unit remains practicplly 
the same in all the coalfields, of Peninsular India. Additionally, 
the Lower Gondwana sedimentary rocks are, almost as a rule, coal-bearing. 
Because of this overall but striking similarity, previous workers 
recognised and correlated lithologic units of Lower Gondwana with those 
occurring in the type areas. Fig. (f is an attempt to correlate 
the lithologic sequence recognised in the study area with the known 
Lower Gondwana succession in other parts of Peninsular India. Evidently 
there is a marked aerial variation in the thickness of Talchir, Barakar 
and Motur (Barren measures) formations. The lowermost Talchir formation 
is known to exhibit a variable thickness (Oldham, 1B93, p. 159; Fox, 
1934, p. 11) thounh it is nearly as thick in the Pench valley coalfield 
(180 to 240 m) as in the Raniganj. The succeeding coal-bearing Barakar 
formation which is only about 90 to 120 m thick in the Pench Valley and 
Godavari Valley coalfields in the west is reportedly about 600 m thick 
in the Jharia and Kaniganj coalfields in the east (Fox, 1934; Pascoe, 
1959). The Motur sequence is 600 to 7(X) m thick in the study area, 
whereas its equivalent "Barren measures" is about 624 m thick in the 
Jharia and Raniganj coalfields. 
Owing to restricted occurrence of fauna in the Lower Gondivana sedimentary 
deposits of India their age cannot be determined with any confidence. 
However, Sastri and Shah (1964, p. 143) assigned Sakmarian to Artinskian 
(Permocarboniferous; see Krishnan, 1960, p. 94) age to some of the 
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marine Lower Permian Reds of India including the Talchir 'Boulder 
Bed* at Umaria, Manendragarh and Daltonqanj. Elsewhere, in Peninsular 
India, because of lack of fauna, it has not been possible to establish 
the age of the Talchir diamictites. Likewise, determination of the 
precise age is not possible for the succeeding Barakar and Motur 
formations both of which are devoid of faunal remains. However, on the 
basis of plant fossils that occur in these rocks and the fact that the 
Lower Gondwana sequence from Talchir upward is mostly conformable, the 
Barakar and Motur formations have been assigned broadly to Permian 
period by early stratigmphers (see Fox, 1931). 
CHAPTER II 
LITHOLOGTC AND SEDIMENTARY CHARACTERS 
During the last decade or so lithologic and sedimentary characters of 
the Lower Gondwana rocks have been studied in greater detail in tho 
Damodar Valley coalfields of Bihar and Bengal (Dasgupta, 1956; Mehta 
and Murthy, 1957; Banerjee, 1960; Srivastava, 1961; Niyogi, 1961, 
1966; Niyogi and Sanyal, 1962; Israili, 1967; Rizvi, 1970), Godavri 
coalfields of Andhra Pradesh (Sengupta, 1966, 1970), and in a few other 
coalfields (Rao, 1957; Ghosh and Basu. 1967; Rao, et al., 1967; 
Casshyap, 1970; Casshyap and Jain, 1970). The Gondwana rocks of the 
Pench Valley coalfield have not yet been examined comprehensively from 
this point of view. Among the early workers, noteworthy is Cyril S. 
Fox (1931, 1934) who gave a fairly elaborate account of the lithology 
of these rocks in the Pench Valley coalfield. Recently Shukla (1968) 
and Shukla and Rai (1970) studied sedimentary properties of the Gondwana 
rocks in the neighbouring Kanhan Valley coalfield. However, most of the 
previous workers described the lithology and sedimentary characters of 
the Gondwana rocks rather subjectively. Indeed lithologic types, lithologic 
association and primary depositional features of a sedimentary sequence 
provide evidence of utmost genetic significance (Krynine, 1948; Krumbein 
and Sloss, 1963; Visher, 1965; Potter, 1967). 
The present study describes at length the lithologic and sedimentary 
3 I 
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characters of the three formations.namely, Talchlr, Barakar and Motur 
separately as follows: (1) r.ithologic characters and l i thologic 
associat ion, (2) Sedimentary cycles and (3) Sedimentary s t ruc tu res . 
1.0 LITHOLOGIC CHARACTERS AND LITHOLOGIC ASSOCIATION 
This study is based on a systematic examination of l i thologic units 
encountered in the course of geological mapping. Aoparently a l l the 
three Lower Gondwana formations of the study area are characterised by 
a well marked lithologic heterogeneity. The associated rock types, 
d i s t inc t ive for each formation, occur in a variable manner and in 
variable abundance. Bock sections exposed at any one local i ty seldom 
exceed a few meters in ve r t i ca l thickness. Consequently, in order to 
explore the l i tholoaic variat ion l a te ra l ly and ve r t i ca l ly , t raverses were 
undertaken at short intervals across the s t ruc tura l s t r ike of the s t r a t a , 
and constituent l i thologic units taet with were examined, measured and 
mapped, i f possible . 
1.10 Talchir Formation 
The mappable units of the Talchir formation, recognised in the western 
part of the study area only and referred to e a r l i e r , are shown In 
Fig. 2 (cover pocket) and l i s ted in Table 3. Their l i thologic association 
from the base to the top and the la te ra l variat ion are shown diaqramatically 
in the measured sections in Fig. 5. Also included in this figure is a 
s t ra t igraohic section of the Talchir rocks exposed as a narrow faulted 
patch near the eastern boundary of the study area. No attempt is made to 
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correlate the lithologic units of the sequence in this patch with those 
of the estern part. Salient sedimentary features within each lithologic 
unit are appropriately shown in the figure. 
The rock assemblage of the Talchir formation, predominantly olive green 
in colour, can be conveniently subdivided into three broad lithologic 
groups (1) diamictite units A, B and C, and a variety of lithologic 
inclusions occurring therein; (2) finer clastic assemblage associated 
with diamictite units and (3) conglomeratic transitional sequence of 
unit D. Table 4 records the approximate percentage (by volume) of 
dominant lithologic tynes of the Talchir formation. 
1.110 Diamictite Units 
The three diamictite units which on the average constitute about 52 
per cent of the available Talchir strata are well developed and 
laterally persistent in the study area showing minor variation in 
thickness. The minimum average thickness is about 32 m for the lower 
Unit A, 37 m for middle Unit B and 28 m for the upper Unit C. The 
contacts of the diamictite units with the associated strata are by 
and large sharp and gradational with the exception of the upper contact 
of diamictite unit B which is grossly uneven. The diamictite units are 
uniformly polymictic and poorly sorted wherein pebbles, cobbles and 
boulders are sparsely distributed in a tough clayey to sandy and 
calcareous, matrix. 
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1.111 Clast Assemblage 
Llthologically, the three diamictites cannot be differentiated either 
on the basis of size of clasts and their litholoqy or clast roundness, 
their shape and spherecity. 
By and large pebbles exceed cobbles and boulders in these diamictites. 
Among pebbles noteworthy and widespread are those ranging in size 
from 8 to 64 ram, while cobbles of 64 to 12B mm size are common than 
larger ones. Boulders are relatively less common in each outcrop and 
seldom exceed a meter in diameter. The largest boulder, that of pink 
porphyritic granite, measuring about 4 m across, occurs in lower 
diamictite Onit A in a nala about 2 km southwest of Budhwara. 
Percentage (by volume) of embedded clasts in the diamictite units was 
determined in several outcrops by following the method used by Casshyap 
(1969) elsewhere. Commonly clasts are distributed in variable proportion 
from outcrop to outcrop irrespective of the diamictite unit, constituting 
on the average about 10 to 22 per cent of the rock. Lithology was 
recorded randomly for about 100 clasts in each outcrop. Table 5 includes 
the composition of 1281 clasts counted in 13 outcrops distributed in the 
three diamictite units including that of the eastern part. In each 
diamictite unit embedded clasts are represented in variable proportion 
by variety of igneous, sedimentary and metamorphic rocks. Whereas 
igneous and metamorphic clasts occur in about the same proportion (55 to 
75 per cent) in all the diamictite units, clasts of sedimentary rocks 
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are apparently more common in the lower (average 30 per cent) than 
middle (average 18 per cent) and upper (average 14 per cent) diamictite 
(Fig. 6). Among the specific rock types represented by clasts are 
porphyritic granite (22 to 50 per cent) granite gneiss (15 to 44 per 
cent), basic igneous rock (5 to 9 per cent), red sandstone (less than 
1 to 11 per cent), banded hematite quartzite (less than 1 to 11 per 
cent), quartzose fragment (2 to 15 per cent),limestone (5 to 32 per 
cent) and shale (less than 1 to 11 per cent). By and large the polyraictic 
composition in about the same proportion persists in clasts of different 
sizes. 
Roundness of clasts taker out of the outcrop was estimated visually from 
chart developed by Krumbein (1941), and for feach diamictite it appears 
to be independent of the clast composition - a feature observed by 
several workers elsewhere (Frakes and Crowell, 1967, p. 43; Lindsay, 
1970, D. 115P). Generally speaking, boulder greater than about 0.5 ra, 
which are mostly of porphyritic granite, are well rounded (roundness 
O.fi-0.9), but smaller clasts from large cobbles down to fine pebbles, 
demonstrate a wide variation in roundness from angular and subangular 
to subrounded and rounded. 
Shape of clasts was determined following the method outlined by Sneed 
and Folk (195P, p. 123). Based on appropriate measurements of long, 
short and intermediate axis of clasts 125 values were computed 
(Appendix I). Preliminary plots separately for each diamictite unit 
ruled out significant variation in the shape of clasts; nor was the 
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Fig. 6 Percentage variation of igneous sedimentary and memorphic clasts 
in the diamictite units and transitional zone of the Tolchir formation 
varia t ion conspicuous with respect of the i r respective l i thology. Fig.7A 
shows a composite shape plot for igneous sedimentary and metamorphic 
c las t s of a l l the three diamict i te u n i t s . Among the more commonly 
occurring shapes of c las ts are "bladed" (26 per cen t ) ; 'compact bladed' 
(22 per cen t ) ; 'elongated' (12 per cent) followed by 'compact p la ty ' 
(10 per cent) and so on. Smaller c las t s ranging in s ize from 2 to 12cra 
have roughly t r iangular or pentagonal ' f l a t - i r o n ' shapes with rounded 
smooth edges (Plate 2 A ) . These c las t s are always deoinated by a 
conspicuous basal facet . Quartzite, basic igneous rock and a few 
limestone c las t s are par t icular ly faceted, and bear subparallel 
s t r i a t i o n s ( P l a t e 2 . 6 ) . 
Fractures are par t icular ly common in larger c l a s t s , i r respect ive of 
lithology (Plate 5 A ) . In most of the cases fractures tend to orient 
para l le l to the long axes of c las ts and do not extend into the surrounding 
diamict i te matrix. However, in teres t ingly , in many cases matrix of the 
diamict i te units is found to f i l l in the f rac tures . Fractured and 
broken c las t s have been reported from diamict i te deposits and ascribed, 
more plausibly, to freezing and thawing (Harland, e t a l . , 1966, p.246; 
Lindsey, 1969, p . j l690) . 
Following Folk and Sneed (1958, f ig . 2) spher ic i ty of c las ts was 
obtained by interpolat ing the points between " isospheric i ty" 
contours. Histogram in Fig. 7B i l l u s t r a t e s for each recorded 
spher ic i ty class corresponding percentage of c l a s t s . The d i s t r i -
bution is c lear ly unimodal with about 35 per cent c las t s lying in 
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the dominant (raodal) sphericity class of 0.7-0.8. The rests of the 
clasts exhibits sphericity varyinn from 0.4 to 0.9. 
1.112 Massive Diamlctite 
Structurally two types of diamictites may be recoqnised in the study 
area (1) massive diamictite (2) oartially stratified diamictite. 
Of the three diamictite units recoqnised in the western oart of the 
study area, the lower Unit A, middle and upper oarts of Unit B and 
lower and middle parts of Unit C are apnarently massive and non-
stratified (Plate 3 & ). The undifferentiated diamictite unit of the 
eastern part of the study area is hard, compact and apparently massive. 
Embedded clasts comprising on the nveraqe 14 to 18 per cent (by volume) 
of the rock, are generally sparsely scattered in the massive diamictites 
Although massive, these diamictites contain inclusions of sandstones in 
various shapes, slumped and twisted and as thin lense. 
Slumped and twisted bodies of sandstone occur frequently in non-
stratified and massive diamictites (Plate2>c*4(>*). Usually these are 
small bodies varying in size from a meter to about 2 m, and are twisted 
and deformed into a variety of shapes. There may either be a single 
twisted body of sandstone in the diamictite (Plate 5 C ) or may be more 
than one, some of which sharoly bent at one end forming a "hook" shaped 
structure (Fig. 8); others resemble 'slump over fold' structure 
(Crowell, 1957, p. 10(X)). Apparently the host diamictite- is not 
appreciably disturbed or deformed anywhere along the contact of 
sandstone inclusions or around. Large sandstone bodies are, however. 
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EXPLANATION OF PLATE 2 
A : Facetted f la t - i ron shaped pebbles from the diamictl te units of 
the Talchir formation showing t r iangular , quadrangular and 
petagona1 out 1ines. 
B : Limestone c las t of the diamict i te unit showing subparallel 
s t r i a t i o n s . 
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less deformed and may occur as isolated lens in diamictites (Plate ^ 3 ) . 
Some large sandstone bodies, re la t ive ly less common, occur in thin 
lenses (Plate h^ ) or appear as a t r iangular body in cross-section 
(Plate If o ) . Also present, local ly, in massive diamicti tes are thin 
lenses of conglomerate. Both sandstone and conglomeratic lenses vary in 
thickness from less than about 10 cm to about 2 ra and la te ra l ly pinch-
out within a couple of meters. They are generally green in colour, 
medium to fine grained and exhibit faint bedding or cross-bedding 
(Pla te h-c ) , Tlieir lower and upper contacts vary from s t ra ight to 
uneven. The other sandstone inclusion appearing as t r iangular body 
in cross-section with apex of the t r iangle tapering downwards (Plate -TCC ) , 
seldom exceed 10 m in length and zero to 5 m in thickness. These are 
medium to coarse grained and apparently massive; t he i r lower contact 
is more sharp than upper contact . In some cases the overlying 
diamicti te material is found intruding into the sandstone bodies. 
Slumped, twisted and deformed sandstone bodies, s imilar to those referred 
to above, have been abundantly reported elsewhere from diamict i te deposits 
a t t r ibu ted to subaqueous mass movement (Crowell, 1957, 1964; Crowell and 
Frakes, 1971a, 1971b; Dott, 1961; Lindsay, 1966; Frakes and Crowell, 
1967, 1969; Frakes, e t a l . , 1967) as well as from those considered 
to be g lac ia l in origin, namely, t i l l s or t i l l i t e s (Pet t i john, 1957a; 
Lahee, 1952; Frakes and Crowell, 1969, p . 1030). Likewise, 
sandstone or conglomeratic lenses in diamicti tes have recently been 
described by several workers (Frakes and Crowell, 1967, p . 47; Frakes, 
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EXPLANATION OF PLATE 3 
A : A gaping fracture splitting a large granitic boulder embedded 
in diamictite Unit A. 
Creek cutting, approximately 3 km west-soHthwest of Hinautia 
village. 
B : A typical outcrop of massive diamictite Unit B. Large and 
small clasts are sparsely dispersed in muddy matrix. 
Creek cutting, approximately 5 km southwest of Sukri village. 
C : A smal] twisted sand body embedded in massive diamictite of 
the middle part of Unit B. 
Creek cutting, approximately 4 km south of Sukri village. 
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et al., 1968, p. 7; Casshyap, 1969; Lindsay, 1970, p. 1153) and 
interpreted as "subglacfal eskers". The triangular sandstone bodies 
in dlamictltes have been described as 'wedge forms* (Frakes, et al., 
1968, p. 8; Lindsay, 1970, p.1153) and interpreted as sand filled 
open fissures in "frozentill". 
In the eastern part of the study area, the massive diamictite locally 
includes a thin sliver of sandstone lense about 2 cm thick and outcropping 
laterally for about half a meter. It is medium grained and exhibits on 
the exposed upper surface well-developed parallel grooves (Plate 5 A ). 
There is apparently no evidence of tectonic displacement, which otherwise 
may have accommodated for the grooves. In all probability the structure 
is a primary feature and closely resembles the 'sandstone laminae' 
described recently from Palaeozoic glacial rocks of Central Trans-
antarctic Mountains (Lindsay, 1970, p. 1155). 
1.113 Stratified Diamictite 
Talchir diamictites in the study area exhibit stratification at least 
at two levels (1) in the lower part of middle diamictite (Unit B); 
(2) locally in the upper part of middle (Unit B) and upper (Unit C) 
diamictite. In these rocks stratification commonly develops due to 
interbedding of thin sandstone and silty shale (Plate 5 3 ) , In 
places, thin sandstone interbeds in the lower part show soft sediment 
deformation on a minor scale as also exhibit 'slump* structures 
(Fig. 9) Occasionally, the diamictite Unit B in the middle part 
includes at least three interbeds of sandstone alternating with thin 
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EXPUNATION OF PLATE 4 
A : A twisted and hook like lens of a sandstone in the diamictite 
Unit B. 
Creek cutting, approximately 2 km southwest of Khalrwani village. 
B : Conglomeratic sandstone lenses in the massive diamictite Unit A. 
Creek cutting, approximately 3 km southwest of Hinautia village. 
C : A triangular sand body and a channel sandstone in the massive 
diamictite Unit C, 
Creek cutting, approximately 5 km southwest of Sukri village. 
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diamictites. The interbedded sandstone varies in thickness from 
10 cm to 15 cm and pinches out laterally within a distance of a couple 
of meters. It is earthy white to greenish in colour, muddy and 
exhibits on upper bedding surface asymmetrical to interfering (Linguoid) 
ripple marks, as also, in the case of uppermost interbed, well developed 
unidirectional coarse striations and miniature grooves (Plate 5"C). 
These striations and grooves, some of which are about 8 cm wide and 
2 cm deep occur all over the available surface of the sandstone (about 
3 sq ra). Interbedded in the striated sandstone at the far end of a 
groove is a small cobble (Plate 5 0 ) . Such type of sandstone interbeds 
closely resemble those interpreted as 'soft-sediment Pavement' by 
Lindsay (1970, p. 1161). 
Although embedded clasts in stratified diamictites seldom exceed 10 
per cent of the total rock, locally there are patches of 4 sq m or less 
in which the embedded clasts are greater in number and closely spaced 
forming "grouped clasts" (Plate ^A ) (Frakes and Crowell, 1967, p. 44). 
In some places, however, stratified diamlctite, like massive diamictites, 
includes thin interbeds of pebble conglomerate. Among other features of 
stratified diamictite are spherical nodules of arenaceous limestone 
which occur in variable number embedded on the upper surface of Unit B. 
The nodules vary from about 5 to 20 cm in diameter. They are generally 
sparsely distributed but in some outcrops they occur in a large number 
(Plate 6 fl ). Small pebbles similar to those in the host diamlctite 
occasionally occur included in the nodules. On cutting and polishing. 
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Fig 8 A field sketch showing twisted and fractured sands tone body m 
massive diamict i te unit of the eastern par t Locali ty • "^km 
southeast of Parasia in a nala cutt ing 
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the small-scale cross-beddinq of the host rock was found to continue 
into the adjoining calcareous nodule. 
1.120 Finer Clastic Assemblage Associated with Diamictites 
Each diamictite unit is overlain by a well developed maopable assemblage 
of finer elastics comprising mainly sandstone and shale (Fig. 5). Among 
the dominant lithologies which conetitute this assemblage more important 
are (1) fine to medium sandstone; (2) interbedded sequence of sandstone 
and shale; and (3) shale. 
1.121 Sandstone 
Well developed sandstone units in the Talchir formation occur at four 
stratigraphic levels succeeding each diamictite unit, and have been 
designated as Al, A3, Bl and C] (Fig. 5 and Table 3). On the average 
sandstone forms about 15 per cent of the bulk of Talchir assemblage. 
The lower sandstone (subunit Al) occurring above the lower most 
diamictite A is green to yellowish in colour. It is by and large fine 
grained, compact and horizontally bedded, and is about 30 m thick near 
the western side but its thickness decreases to about 6 m when followed 
eastward. Its lower contact with the diamictite is sharp to slightly 
wavy. At a few places the upner surface of this sandstone exhibits wel] 
developed ripple marks which are symmetrical to slightly asymmetrical. 
The second sandstone designated as subunit A3 occurs just below the 
stratified diamictite (Unit B) and is about 6 m thick. The lower 
contact of this sandstone with the interbedded sandstone - shale sequence 
EXPLANATION OF PLATE 5 
A : Grooved sandstone laminae within the massive diamicttte Unit 
of the eastern part of the study area. 
Creek cutting, approximately 1 km northeast of Khirsadoh Railway 
Station. 
B : A typical outcrop of stratified diamictite (Unit B) showing thin 
discontinoous intercalations of clay and fine sandstone. Pebbles 
cobbles are sparsely distributed. 
Creek cutting, approximately 2 km south-southwest of Khairwani 
village. 
C : Thin sandstone interbeds in the diamictite Dnit B. Each sandstone 
bed exhibits linguoid and asymmetrical straight ripples, and the 
uppermost bed in the foreground also shows unidirectional small 
grooves resembling soft sediment pavement. 
Bhangi stream, approximately 200 m northeast of Chatua village. 
D : Enlarged view of the grooved and rippled sandstone laminae 
showing a cobble mould (near the head of the hammer and an 
embedded cobble in the foreground, as also the underlying 
diamictite. The grooves are oriented northwest-southwest. 
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and the upner contact with the s t r a t i f i e d diamicti te are more or less 
qradat lonal . This sandstone is s l ight ly calcareouSt fine grained and 
massive, though at places shows isolated sets of small-scale cross 
beddinq. 
The thi rd sandstone subnnit(Bl) which varies in thickness from 3 to 
6 m separates the underlying diamicti te B aad the overlayinq massive 
diamicti te C (Fig, E; Plate 6 c ) , This sandstone is dark green and 
apparently massive. In comparison to two previous sandstones i t is a 
b i t coarser grained. Str ikingly, the lower surface of this sandstone 
a t several places is highly uneven and i r regular ; the underlying 
diamicti te seems to have been pushed upwards across the sandstone bed 
as well as into smaller fracture planes near the irregular lower surface 
(Plate 6 C ) . The "pushing upward" or "intruding" phenomenon across 
the sandstone has taken place at close intervals mostly along planes 
which seem to be fair ly regularly aligned northwest-southeast. The 
s t ruc ture is well displayed a l l along the northern embankment of 
Bhangi r ivu le t (Fig. 2, cover pocket), for a distance of about 100 m, 
so much so that diamictite unit in the lower part and underlying sandstone 
aopear to be dismerabers'i into irregular blocks of different dimensions. 
The feature may be close t o , if not, similar t o , ' b a l l - and - pillow' 
1 
s t ruc ture in subagueous deposits (Potter and Pett i john, 1963, p . 148), 
The fourth prominent sandstone designated here as subnnit CI is exposed 
above the massive diamicti te unit C and is t raceable la tera l ly a l l along 
the limits of the western part of the area. The lower contact of th is 
Fig. 9 Polished specimen f rom lower part of diamictite 
Unit B showing s lump structure 
I- p 
subunit witli the diamictite is sharp whereas the upper contact with 
shale is gradational . This sandstone is olive green, fine grained to 
clayey, and varies in thickness from ^ to 15 m. I t exhibits occasionally 
isolated se ts of small-scale cross-bedding,but some coarse grained 
var ie t ies exhibit isolated sets of large-scale cross-bedding. Enclosed 
in this unit at places are isolated pebbles, cobbles and boulders. 
1.12? Inter-bedded Sequence 
There are at least two assemblages (subunits A2 and C2) in the western 
part of the study area which can be designated as inter-bedded sequence 
of sandstone and shale . Associated with sandstone subunits referred to 
above, they occur s t ra t ig raphica l ly in the middle and upner parts of 
the Talchir formation (Fig, 5) , and const i tu te about 11 oer cent of the 
bulk of the Talchir s t ra ta (Table 4 ) . 
The f i r s t sequence occurrinq above the sandstone Al represents moderately 
thick assemblage (12 m) of a l ternat ing green shale and fine grained 
gray sandstone (Plate "7 /» ) . Thickness of sandstone and shale interbeds 
is variable ranging from a few cm to about 25 cm. The second interbedded 
sequence occurring in the upper part of the Talchir formation represents 
an assemblage of reddish shale and gray fine sandstone. 
Thickness of sandstone interbeds varies from a few centimeter to about 
10 cm some exhibiting asymmetrical r ipple marks on as many as five 
successive bedding planes. The lower and upper contacts of both the 
units are gradational . 
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EXPUNATION OF PLATE 6 
A : Grouped clasts in the lower part of stratified diamictite Unit B. 
Creek cutting, about 1 km northwest of Khajri village. 
B : Small spherical calcareous nodules in the diamictite Unit C. 
Creek cutting, approximately 2 km south-southeast of Budhwara 
village. 
C : Outcrop showing dismembered sandstone subunit (B.) with uneven 
and Irregular lower contact. The diamictite unit below forces 
its way into large and small fractures of the sandstone. 
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1.123 Shale 
This rock type occurs as a well developed l i thologic subunit (C3) 
underneath the 'conglomeratic t rans i t iona l zone' (Unit D) (Fin. 5) 
and const i tutes about 21 per cent of t^e to ta l s t r a t a . It is the 
typical "Talchir Shale" and as elsewhere in the Peninsular Gondwana 
basins, i t weathers into small needle-like fragments. The Talchir 
shale , hence, is often described as 'needle ' shale (Krishnan, 1960, 
1968). This shale is typical ly green in colour though locally i t is 
red. I t is generally calcareous, including at places thin lenses of 
marl. Isolated pebbles, cobbles and boulders occasionally showing 
scratches or subparallel s t r i a t i o n s , may occur in the shale as 
' lonestones ' which may well be interpreted as 'dropstones' inasmuch 
as they occasionally deform the underlying laminae (Plate 7 6 ) . 
1.13 Conglomeratic Transitional Zone 
This l i thologic sequence designated here as Unit D, forms the uppermost 
subdivision of the Talchir formation in the study area, and is well 
developed ip a creek cuttinn south of v i l lage Naxarpur. I ts lower 
contact with the underlying green shale is c lear ly uneven and possibly 
erosional (Plate 7C ) . The l i thologic sequence of this unit , shown 
in Fig. 5, comprises from the base upward: pebbly to cobbly polyraictic 
conglomerate, coarse to medium sandstone, and interbedded sequence of 
sandstone, shale and carbonaceous shale . Pebbly to cobbly conglomerate 
is about 10 m thick, of which lower 7 ra is mainly conglomeratic which 
grades upward into coarse sandstone. Clasts in this unit make up about 
40 to 50 per cent of the to ta l rock. However, proportion of igneous 
0/> 
EXPLANATION OF PUTE 7 
A : Interbedded sequence of fine sandstone and green shale (subunit A») 
of the Talchir formation. 
Creek cutting, approximately 3 km south-southwest of Khairwani 
village. 
B : Laminated Talchir shale including a large "drop stone". 
Creek cutting, 100 m north of Bhadri village. 
C : Uneven lower contact of the conglomeratic sandstone of the 
uppermost transitional zone of the Talchir formation (Unit D) 
with the underlying green shales. 
Creek cutting, approximately 3 km south of Nazarour village. 
D : Green shale of Unit D of the Talchir formation containing a large 
isolated boulder. 
Creek cutting, approximately 5 km southwest of Ambara. 
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and metamorphic (mainly granite gneiss and quartzite) clasts ranges 
between 44 to 66 per cent and 35 to 45 per cent respectively (Fig. 6), 
whereas sedimentary clasts make up a very small proportion (1 to 11 
per cent). Although shape and sphericity of these clasts is more or 
less similar to those of the underlying diamictite units (Figs. lOA 
and B), they are slightly better rounded (roundness 0.5-0.6) in this 
unit. Both conglomerate and coarse sandstone are earthy yellov; in 
colour and orofusely cross-bedded, and both contain reworked underlying 
materia] including fragments of green shale. Carbonised wood fregments 
frequently occur in the associated coarse sandstone. 
The conglomerate-sandstone assetnblaqe is succeeded upward by inter-
bedded sequence of green shale and sandstone which is about 40 ra thick, 
as also laterally continous. *Lonestones' and (or) 'dropstones' 
showing faint striations are, however, not uncommon in the interbedded 
green shale and are mostly of pebble size, but at one place nenr the 
top of this unit the embedded clast is a boulder measuring about 60x90 cm 
(Plate 7 0 ) . In the upper part, ne?r the contact with the Barakar 
formation, the interbedded sequence includes some lenses of carbonaceous 
shale; the associated sandstone is relatively fine grained. 
1.20 Btreka? FofiMttfao 
The Barakar formation in the study area, exposed in discontinuous linear 
patches, occupies mainly the southern half of the study area (Fig. 2, 
cover pocket). Distribution of lithologic units through the Barakar 
formation is more elaborately known from the available bore hole data 
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illustrated as columnar diagrams (Fig. IIB), However, for a comparative 
examination and other details, several stratinranhic sections were 
measured along traverses made across the strike of the strata and are 
shown diagramatically in Fig. IIA. As elsewhere, the Barakar formation 
in the study area consists of interbedded assemblage comorising coarse 
to medium sandstone, fine sandstone, siltstone, carbonaceous shale and 
coal. The interbedded sequence made up of one or more of the above 
lithologic units occurs repeatedly throughout the formation frormthe 
base to the top. The approximate percentage (by volume) of prominent 
lithologic types of the Barakar formation are recorded in Table 4. 
Using thickness data recorded in bore-hole and stratigraohic sections, 
ratio values of sandstone/shale (sand-shale ratio) and sandstone and 
shale/coal (clastic ratio) were computed and tie results are listed 
in Table 6. Sand-shale ratio generally varies from 3.5 to 9.6 evidently 
implying that the bulk of the available Barakar assemblage in the 
study area is made up of sandstone followed by siltstone and shale. 
The Barakar rocks of this area are known to be poor in coal (Fox, 1934, 
p,14) as is evident from columnar diagrams (Fig , llA and B) as also 
from clastic ratio which in places is as high as 141. For the purpose 
of lithologic description the Barakar formation has been subdivided 
into (1) Coarse to medium sandstone (2) fine sandstone (3) siltstone, 
and (4) carbonaceous shale and coal. 
1.21 Coarse to Medium Sandstone 
This variety of the sandstone is by far the most abundant and wiclely 
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occurring among the Barakar rocks of the study area, comDrising, to 
the extent of 70 per cent of the to ta l s t ra ta (Table 6 ) . Tt weathers 
commonly to buff colour but in places to brown or yellow. However, 
on fresh surface It is genemlly earthy white to buff. It is f r iable 
to indurated, but densely compact in places near fault planes or at the 
contact of Deccan t rans . Sandstone unit of th is variety are by and 
large th in- to very thick-bedded (Mckee and Weir, 1953, p.383) ranging 
in thickness from 0.5 to 2 m, lense shaped, and discontinuous, l a te ra l ly 
traceable from decameter to commonly a couple of tens of meter. By 
and large the sandstone is elongate, s t ra ight to s l ight ly curved in 
cross-section and may occur both as 'mult is torey ' and mul t i l a te ra l 
bodies. Bedding traces are faint to well developed and sharp to wavy. 
Among the various internal s tructures of th is sandstone, large-scale 
cross-bedding is prominent. On the average i t is coarse to medium, 
s l igh t ly muddy, moderately to poor sorted feldspathic sandstone. This 
sandstone grades into fine sandstone both ver t i ca l ly and, in places , 
l a t e r a l l y . There is no much variation in the thickness of these 
sandstones at different s t ra t igraphic positions ranging from about 13 
to IP meters. 
1.22 Fine Sandstone 
This sandstone, weathering brown to yellow, generally forms the upper 
part of coarse to medium sandstone. Tt is not pers is tent e i ther 
l a t e ra l ly or ver t ica l ly , and is commonly overlain by s i l t s t o n e . 
The lower contact is invariably gradations 1 but the upper contsct i s 
ry 
often sharp and s t r a igh t . Unlike the coarse to medium var ie ty , fine 
sandstone is characterised by small scale cross-bedding and para l l e l 
lamination. MineralogicaHy, d e t r i t a l par t ic les consist mainly of 
quartz and feldspar. On the average th i s sandstone type shows a variable 
thickness from 4 to 9 m. 
1.23 Si l ts tone 
Sil ts tone in the Barakar formation is gray coloured and generally 
exhibits a sharp contact with the underlying un i t s . Laterally 
siltstonte is not extensive and may lens out at the outcrop within a 
short distance. It is generally harder than sandstone of the study 
area and is characterised by small scale cross-bedding and pa ra l l e l 
laminations. Det r i ta l grains comprise mainly quartz and carbonaceous 
material . On the average s i l t s t one varies in thickness from 1.5 to 3 ra. 
1.24 Carbonaceous Shale and Coal 
Outcrops of carbonaceous shale and coal are seldom well developed in 
the study area. These units are found to occur e i ther jus t below the 
coarse to medium sandstone or above the gray s i l t s t o n e (Fig. IIA and B). 
Bedding planes are s t ra ight to undulating and wavy. Lateral ly , these 
l i thologic units are not extensive and tend to lens out within a few 
tens of meters. Thickness of carbonaceous shale and coal varies from 
a few centimeters to a few meters. 
1.30 Motttif ^©rmdti«n 
The Motur formation is exposed as a continuous belt to the north of 
the Barakar formation along the entire length of the coalfield and 
i 
covers about 2/3rd of the area occupied by sedimentary rocks. % o 
mappable units have been recognised in the Motur formation, viz. Unit A 
(lower) and Unit B (upper). Since the bore-hole data throuqh the llotur 
formation is not available, details of the litholoqic association are 
based on three generalised stratinraohic sections measured along three 
different traverses in the area (Fig. 12). The lower Unit A of the 
Motur formation is characterised by abundance of red and green clay (or 
mudstone) whereas the upper Unit B is almost entirely made up of 
sandstone. The following lithologic types and rock association have 
been recognised for the lower and upper units of the Motur formation: 
Unit A (!) feldspathic pebbly conglomerate; (ii) fine pebbly coarse 
to medium sandstone; (iii) composite sequence and (Jv) red and 
green clay/mudstone. 
Unit B (i) fine pebbly conqlomer?te (ii) coarse to medium and fine 
sandstone. 
Aoproximate percentage (by volume) of broad lithologic types of the 
lower and upper units of the Motur formation is listed in Table 4. 
1.31 F<>ydspathic Pebbly Conglomerate (Unit A) 
The feldspathic pebbly conglomerate forming the basal part of the lower 
Unit A outcrops at least at two localities in the study area; one to 
the north of the Head Office of the Poddar Co. just by the side of the 
Railway track (Plate 6A ), and the other a quarter of a kilometer 
east of Harrai village (for locality, see Fig. 2, cover pocket). Even 
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though the lower contact is not avai lable , the underlying Barakar rocks 
outcrop about less than 10 m away. This rock at these loca l i t i es is 
somewhat wedge-shaped, lenses out la te ra l ly within about 30 m, and 
varies in thickness from zero to 3 m (Fig. 11). LitholoqicaIly, i t is 
fine to medium pebbly conalomeratic feldspathic sandstone. The feldspar 
content is as high as about 60 per cent in th is rock type. This 
mineral, mostly a fleshy coloured undecomposed feldspar (orthoclase) 
occurs as d e t r i t a l grains in the sandy matrix along with quartz, forms 
most of the pebbles, and, by and large, is angular to subangular 
(Plate 2A ) . Commonly feldspar pebbles are 3-0.5 cm in s ize , some are 
as large as 5 cm. Among other c las ts are j a sper , chert and some pebbles 
of granitoid and coarse sandstone (? Barakar). Unlike the feldspar 
pebblfs, these c las ts are subangular to subrounded. At both the 
l o c a l i t i e s , referred to above, these feldspathic pebbly units are overlain 
by red and green clay/mudstone. 
1.32 Fine Pebbly Sandstone 
Among the Motur sandstones, fine pebbly coarse to medium sandstone is 
conspicuous by virtue of i t s olive green colour and texture . This 
sandstone, however, occurs occasionally as interbeds varying in thickness 
from 9 to 15 m (Fig. IZ), commonly as mul t i l a te ra l coalescing body. 
By and large i t is s t ra ight to curved traceable for a few tens of 
meters. I ts lower contact with the underlying unit is usually sharp 
and s t ra igh t to wavy, whereas the upper contact is more or less 
gradationaJ. Commonly these units are profusely cross-bedded. Pebble 
7^ 
EXPUNATION OF PLATE 8 
A : Conglomeratic feldspathic sandstone forming the basal part 
of the Motur formation. The conglomerate abounds in angular 
fe ldspars . 
Creek cut t ing , approximately 600 m north-northwest of Parasia, 
B : Composite sequence showing rapid al ternat ion of sandstone and 
red and green clay (mudstone). 
Left bank of Pench r ive r , approximately 1 km south of Darwai 
v i l l age . 
C : Composite sequence of sandstone and shale . 
Left bank of r ive r Sukri, approximately 5 km north of Maywari. 
PLATE 8 7,^ 
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components comprising about 10 per cent (by volume) of the sandstone, 
are compositionally heterogenous, representing mostly quartzose and 
granitoid rocks, and pink feldspars (orthoclase). They vary in size 
from less than 5 to about 10 mm, and by and large are subangular. 
1.33 Composite Sequence 
The term "composite sequence" has been applied here to those deposits 
of the Motur formation which include interbedded lithology of more 
than one kind. Van Straaten (1954, p.107) used the term "lateral 
deposit" for such lithologically heterogenous beds, whereas Allen and 
Friend (196B, p.43) applied the term "composite structure" to such 
deposits. These deposits are very common in the lower Unit A of the 
Motur formation. Some of the best exposures of these deposits are 
found south and southwest of Darwai in the Pcnch river (Plate 9 fe ). 
and southwest of Parasia in Sukri river (Plate Qc ). At all these 
localities the composite sequence is floored by green to yellow fine 
pebbly sandstone having erosional contact with the underlying unit. The 
succeeding assemblage comprises inter-fingering lenses of coarse to 
# 
medium sandstone and red and green clay. Broadly the composite sequence 
exhibits a l ternat ion of coarse and fine grade members with a general 
decrease in grain size from the lower to the upper par t . In most places 
the composite sequence i s , l a t e r a l ly , more or less continuous and varies 
i r regular ly in thickness from 5 to 9 m. Among the sedimentary s t ruc tures , 
more common are large- and small-scale cross-bedding and para l l e l 
laftiination which may occur successively in a ve r t i ca l sequence. 
• ; 
1.34 Red and Green Clay/Muds tone 
Among the l i thologic tyoes of the lower Unit A of the Motur formation, 
red and green clay/mudstone is widely occurring in the study area 
(Fiq. 11), comprising as much as about 60 to 80 per cent (by volume) 
of the to ta l s t ra ta ( table 4 ) . The colour of the Motur clays is indeed 
charac te r i s t i c and helps in identifying and demarcating the limits of 
the lower Unit A of the Motur formation in the study area. However, 
red clay is by and large more abundant than green clay which generally 
occurs in small patches and lenses within the former. Since these 
clays are loose and fr iable and completely lack s t r a t i f i c a t i o n , i t s 
approximate s t r ike direction could only be determined when they occur 
interbedded with sandstone. Occurring at a few loca l i t i es are small 
calcareous nodules of i r regular shape which have been a t t r ibuted tn 
the "secretion products of lime" (Fox, 1934, p . 277; Pascoe, 1959, 
p . 956). Approximate thickness of these clays in the three s t ra t iqraphic 
sections is variable between 70 and 108 m respect ively. 
1.35 Fine Pebbly Conoloneratic Sandstone (Unit B) 
The upper Unit B of the upper Motur formation is dominated by fine to 
coarse pebbly conglomeratic sandstone comprising about 40 per cent of 
the s t ra ta (Table 4 ) . The colour of th is conglomeratic unit is variable 
from earthy yellow to gray, to red in places . It is generally weakly 
indurated except near the contact with Deccan traps where i t becomes 
hard and massive. Conglomeratic sandstone is generally very thick-bedded 
ranging in thickness from 2 to about 3 m, and la te ra l ly extensive; 
local ly, though, i t may appear as pinching and swelling sheet . Among the 
?.o ' ' ^ 
[ " S - ^ - ^ 
•n 
c las ts of conqlomerate, more common are those of quartzose composition 
of pink, gray and white var ie ty ; pebbles of granite and feldspar 
occur sporadically. Internal sedimentary s tructures include tabular 
and trough cross-beds. Vertically this unit grades into coarse medium 
sandstone within a few metres. Thickness of th is unit may vary from 
5 to about 10 ra. 
1.36 Coarse to Medium and Fine Sandstone 
Coarse to medium and fine sandstone cornprising about 50 per cent of 
the s t r a ta is by and large very similr»r to the sandstone of the Barakar 
formation. Tt is earthy yellow to buff in colour, and thin- to 
thick-bedded. Bedding traces within this l i thologic type are s t ra igh t 
to wavy, and occasionally marked by erosional channels. Laterally 
th is sandstone is fa ir ly extensive as a mul t i la tera l body, but ve r t i ca l ly 
i t gradually passes into fine sandstone. Tabular and trough cross-
bedding of large-scale is fa i r ly abundant. On the average i t is a 
coarse to medium, moderately to poorly sorted, feldspathic sandstone. 
The to ta l thickness of th is unit commonly varies from 55 to 60 m. 
2.0 SEDIMENTARY CYCLES 
2.10 Talchir Formation 
Early workers did not refer to the poss ib i l i ty of repetet ive sequence 
in the Talchir formation. However, the present investigation in the 
study area reveals that the available Talchir rocks represent a 
composite assemblage which comprise three diaraictite units - lower (A), 
; ^ n 
middle 6B) and unper (C), each overlain by a group of fine e las t i c s 
comprisinq sandstone and shale (Fiq. 5 ) . Thus the diam^'ctite asserablaoje 
of the Talchir formation in the study area exhibits a repetet ive 
(cyc l i c ) , broadly fining upward, sequence. Tlie succeeding conglomeratic 
assemblage of the t rans i t ional zone (Unit D), likewise, represents a 
fining upward sequence comprisinq conglomerate at the base grading 
ve r t i ca l ly upward into sandstone, interbedded sandstone and shale and 
sha le . Among the l i thologies which const i tu te the sedimentary cycles, 
the followinq, l i s ted in descending order, are more well developed 
and common: 
IV Shale 
TTI Interbedded fine sandstone and shale 
TI Sandstone 
T Diamictite 
Diamictite of cyclic un^ t T may be reolaced by conoloraerate for transi-
tional zone Unit D. The above sequence of cyclic units is rather 
generalised and it may be that a sedimentary cycle at each outcrop may 
not exhibit all the lithologic unUs listed above. Commonly the cyclic 
units in the Talchir formation of the study area are present in the 
followinn combinations: I, II, HI; I, II; I, H, TV; f, II, HI, IV. 
the diamictitesare among the most widely occurrino cyclic unit, and 
form about 52 per cent of the total strata (Table 4) 
2.20 Barakar Formation 
Fox (1931) and Krishnan (1956) reported the cyclic nature of the coal 
bearing Barakar sediments. Rao (1964) and Mehta (1964) recognised as 
many as 30 to 60 cycles in the Barakar formation of Jharia coalfield. 
3 
Subsequently Niyogi (1966) and Rao, et al., (1967) recognised and 
described cycles in the Barakar strata of Sahajurl coalfield. More 
recently Casshyap (1970) recognised and described comprehensively 
sedimentary cycles from the Barakar formation of a number of coalfields 
of Bihar and Madhya Pradesh. 
The lithologic sequence of Barakar coal bearing strata in Pench Valley 
coalfield exhibited in the bore-hole and stratigraphic sections (Fig. 
11 A and B), by and large, corroborates the earlier view about the 
existence of a repetetive or cyclic sequence in this formation. Further, 
it was found in many outcrops that an upward decrease in the detrital 
grain size within each cyclic unit is accompanied by an appropriate 
decrease in the scale of available cross-bedding, a phenomenon reported 
earlier by Allen (1964, 1965a) and subsequently by others (Barrett, 
1965; Friend, 1965; Duff et al,, 1967; Allen and Friend, 1968; 
Casshyap, 1970). Apparently, the repetetive lithologic units of the 
Barakar formation in the study area qualify the characters outlined 
for a "fining-upwards" cycle (Allen, 1965a). However, in the present 
case the base of a cyclic unit is more often a wavy surface instead of 
a well developed "Scoured surface" (Allen, loc cit.). 
A generalised "standard" cycle (Weller, 1956), proposed earlier for the 
Barakar formation of Peninsular India (Casshyap, 1970, p. 1309), is 
slightly modified for the study area (Table 7). However, as is to be 
expected, all the units of the "standard" cycle seldom occur at one 
place (Duff, et al., 1967, p.7), and in the Barakar formation of the 
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Pench Valley coalfield the cyclic units are commonly "truncated" or 
"reduced" (Bersier, 195fi; Duff et al., 1967), as is evident from the 
measured stratigraphic sections (Fig. JIA). These truncated or 
reduced sedimentary cycles comprise two, three, four or five lithologic 
units in the following combinations in ascending order, namely, I, TI, 
III; T, II, IV; I, V; I. TI, III; I. Til. TV; I, TI, H I , V, and 
so on, and exhibit a wide range of variation in thickness, from 2 to 
15 m on the average. Admittedly in the study area, with a few local 
exceptions, the lower coarse grade member comprising by and large 50 
to 80 per cent (by volume) of a sedimentary cycle, is volumetrically 
more abundant and widespread than the upper finer grade member. Among 
the former, the lowermost unit (I) comprising coarse to medium sandstone 
is extensively developed. The overlying finer sandstone unit (II) and 
the succeeding units of the finer member are by and large local and 
seldom laterally extensive. 
2.30 Motur Formation 
Among the early workers, none so far, perhaps, has conceived cyclicity 
in the succeeding Motur formation of the Satpura basin or its equivalent 
'Barren measures' of Damodar Valley coalfields. 
The measured stratigraphic sections for the Motur formation of the study 
area, particularly for the lower Unit A, explicitely exhibit alternation 
of coarse- and fine-grade members (Fig. 12). The former is essentially 
fine pebbly, coarse medium sandstone and olive green to yellow in colour 
and the latter dominantly red and green clay. Particle size and 
5. 
cross-bedding and other sedimentary structures in the lower coarse 
member show an appropriate and systematic decrease in the upward 
direction within each unit. The upper fine grade member is more or 
less structureless but may exhibit locally faint parallel lamination. 
The above features recall those of fining upward sequence, referred to 
earlier. Inasmuch as these rocks are devoid of coal and seldom contain 
carbonaceous shale, a modified sequence of "standard" cycle is proposed 
for the lower unit A of the Motur formation as follows in descending 
order: 
r. „j V (IV Clay or mudstone occasionally interbedded with Fine grade member i i, ^ 
^ ( sandstone 
(Til Fine sandstone and siltstone 
Coarse grade ( II Coarse to medium sandstone 
member ( T Pebbly conglomeratic sandstone 
As for the Barakar strata, the cyclic sequences in these rocks are more 
often 'truncated' or incompletely developed (Fig. 12) and the following 
combinations of cyclic units arc particularly noteivorthy. I, IT, IV; I, 
II, III, IV; I, IV; and so on. Many of these sedimentary cycles vary 
irregularly in thickness from 10 to 35 m. Evidently, coarse grade member 
is relatively poorly developed in the cyclic sequence of the Motur 
formation, ranges in thickness from 3 to IP m and on the average 
constitutes about 24 per cent. 
In contrast fine grade member, ranging in thickness from Bl to 105 m, 
forms the bulk of a cyclic sequence (73 per cent) in the Motur formation 
and in most cases fine exceeds the coarse member. Indeed, fining upward 
cyclps of the lower Unit A of the Motur formation, are strikinqly 
aifferent from those of the coal-bearing Barakar formation in which, 
as a rule, coarse grade member exceeds fine. The available upper 
Unit B of the Motur formation in the study area predominantly comprises 
sandstone. Nevertheless fining upward cycles are not uncommon (Fiq.l2). 
These are represented dominantly by coarse grade member comprising two 
to three cyclic units in ascending order: (I) Pebbly conglomeratic 
sandstone, massive to cross bedded, (II) coarse to medium sandstone, 
commonly cross-bedded and (III) fine sandstone. The succeeding finer 
grade member of red and green clay is poorly and locally developed. 
3.0 PRIMARY SEDIMENTARY STRICTURES 
The study of sedimentary structures was unde.rtaken with a three fold 
object (1) to examine and describe at length the morphology of each 
available "primary sedimentary structure" (Pettijohn and Potter, 1964, 
p.3), (2) to infer the probable flow conditions of depositional 
currents, and (3) to measure and analyse appropriate directional 
parameters for the purpose of reconstruction of palaeocurrent patterns. 
The last aspect has been dealt with at length and forms the subject 
matter of the following chapter. 
Inferences about the hydraulic conditions of depositional currents are 
based on the premise that an empirical relation exists between water 
flow and the development of the various forms of bed roughness (Dawdy, 
1961; Simons and Richardso'n, 1961, 1962). Two flow regimes, lower and 
upper, recognised in alluvial channels produce an appropriate sequence of 
bed forms with increasing intensity of flow, and include parallel 
lamination and ripples, through dunes, to plane bed and antidunes 
(Simons and Richardson, 1961, 1962). In view of the known genetic 
significance of the subaqueous bed forms, the sequence of primary 
sedimentary structures expected to be developed as a result of increasing 
intensity of flow has been approoriately outlined by several subsequent 
workers (Allen, 1963b-, Simons et al., 1965; Harms and Fahnestock, 
1965). 
Listed below are primary sedimentary structures recognised in the Talchir, 
Barakar and Motur formations of the study area: (1) horizontal bedding; 
(2) cross-bedding; (3) Pamllel lamination including rhythraites 
(varvites), and (4) channels and scour and fill. 
3.10 Horizontal Bedding 
This feature is very common in sandstones of the Talchir and Barakar 
formation (Plate 9A ) , Tn the Talchir sandstone, horizontal bedding 
aenerally occurs in continuous units traceable for tens of meters. 
In sandstones of the Barakar formation it occurs locally as discontinuous 
lenticular units. Thickness of horizontally bedded unit rarely exceeds 
a meter. The individual bedding is marked by change in grain size, 
composition of mineral cement or contained matrix, or by the change in 
composition of detrital mineral assemblage. Horizontally bedded sandstone 
is commonly associated with cross-bedded sandstone, but may occur with 
massive sandstone and less commonly with'siltstone or coal. 
Horizontal bedding in sandstones is more probably a product of plane bed 
sr. 
EXPUNATION OF PLATE 9 
A : Horizontal ( f la t bedded Talchir sandstone 
Creek cut t ing , approximately 4 km southwest of Khairwani v i l l age . 
B : "Coset" of moderate large-scale tabular cross-bedded units in 
medium to coarse Barakar sandstone with planar to erosional lower 
contact . 
Creek cut t ing 3 km south-southwest of Jatachapar v i l l age . 
C : A "so l i t a ry" Unit (set ) of large-scale tabular cross-bedding in 
medium to coarse Barakar sandstone. 
A creek cut t ing north of Railway track approximately 3 km 
northwest of Paras ia . 
PLATE 9 •, 
formed from strotiq currents in a upper flow reqime (Harms and Fahnestock, 
1965, p. !05). Local and occasional occurrence of horiTiontally bedded 
sandstone unit may imply e i the r a periodic (? seasonal) increase in 
flow velocity due to increase in discharge, or a decrease in depth 
of water due to upbuilding of bed forms or agqradation (ver t ica l 
accretion) of sediments. 
3.20 Cross-Bedding 
The term cross-beddinq (see Potter and Pett i john, 1963, p.6B), also 
called c ross - s t r a t i f i ca t ion (Mckee and Weir, 1953, p.383), refers to 
a large group of related sedimentary s tructures of varied nomenclature 
and c lass i f ica t ion (Lahee, 1^52; Mckee and IVe'r, 1953; Botvinkina, 
1959; Potter and Pet t i john. 1963; Allen, 1963b; E l l io t , 1964). The 
schemes of nomenclature and descriptive c lass i f ica t ion advanced by 
Potter and Pettijohn (1963) and Allen (1963b) are indeed more meaningful 
and p rac t i ca l , and are those used in the present invest igat ion. Geo-
metr ical lv, cross-bedding may be tabular (planar) and trough shaped, 
and may occur e i ther as a single or so l i t a ry unit (set) or ver t ica l ly 
in successive units (cosets or grouped s e t s ) . On the basis of scale 
(or thickness) of cross-bedded se t , a d is t inc t ion may be made between 
large-scale cross-bedding, in which average thickness of a set in a 
coset is greater than 4 cm, and small-scale cross-bedding in which 
thickness of a set is less than 4 cm (Allen, 1963a, p.188, 1968, p . 100), 
3.21 Large-scale Cross-Bedding 
In the study area large-scale cross-bedding is profusely developed in the 
sn 
Batakar and Motur formations and sooradicallv in the Talchir formation. 
Tt is represented by both tabular and trough shaped. 
Large-scale tabular cross-beddina i s , however, predominant and well 
displayed three dimensionally in the Barak?r and Motur formations and 
is less common and locally well displayed in the Talchir formation. Tt 
is largely developed in medium to coarse and fine sandstone, and locally 
in conglomerate. Individual foresets of tabular cross-bedded unit may 
be s t r i c t l y planar althrough or are tangential to the base and 
truncated at the top. Their length may vary from a few decimeters to 
about 2 meters and thickness from about 2 to 10 cm. Tabular cross-
bedded units occur generally in grouoed sets or cosets (Plate 9 5 ) and 
occasionally in so l i t a ry se ts (Plate 9 C ) . Cross-bedded cosets which 
may be less than a meter to a maximum of 4 m thick are traceable in 
out(frop from a couple of meters to more than a decameter. Solitary sets 
are commonly half a meter thick or less and seldom exceed la te ra l ly a 
few meters. A t o t a l of 497 measurements for thickness of cross-bedded 
units were recorded from Talchir (20), Barakar (263) and Motur (214) 
formation (Appendix TT), and grouped into 10 cm (4 inch) c l a s s - in t e rva l , 
the data were plotted as per cent frequency histograms (Fig. 13). By 
and large thickness of cross-bedded units varies from less than 10 cm to 
about 1 m in the Talchir, Barakar and Motur formations. The average 
thickness of cross-bedded unit is 3.7.5 cm; 33.0 cm and 26.7 cm, 
respect ively, for Talchir, Barakar and Motur sandstones. Although 
incl inat ion of cross-bedded foreset beds in a l l the three formations 
ranges from 5 to 40 , values between 20 and 25 are more common. Average 
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inc l inat ion of foresets is 26 , 23 and 23 , respect ively, for Talchir , 
Barakar and Motur sandstones (Fig. 14). 
By and large the characters of tabular cross-bedded cosets and so l i t a ry 
se ts are similar t o , those of 'Owlkron-cross-strat lf ication and 'Gamma-
c ros s - s t r a t i f i ca t ion «f Allen <"l*N>3fc, p . 102-lOfi). 
Large-scale trough cross-bedding is not so widespread as the tabillar 
cross-bedding in the three formations and Is r e la t ive ly more common in 
the Barakar formation. Trough cross-bedded Units in cosets are more 
often available in ver t i ca l a -^b. section (Plate lo A ) and horizontal 
Mj-c. secLlou, add le$& so in ver t i ca l b.-c. ( s t r ike ) sect ion. Bicht f«t 
is underlain by a scoop-shaped erosional surface and are formed of more 
QT.less symmetrical c ros s - s t r a t a . The trough cross-beds of the study 
area closely resemble Allen's (1963b, p.110) ' P i - c r o s s - s t r a t i f i c a t i o n ' . 
I t is now generally accepted that large-scale cross-bedded units are 
formed from stronger turbulent current in a lower flow regime that had 
generated de l ta - or dune-like buU'es of sedlmenl engaged wilFi eddies 
to the lee sides as the resul t of flow separation (Allen, 1963a, 1968, 
p . 97; Joplin(t, 1904; Simons eL a l . , 196b, p . 3HJ. lixleiidltig lite 
analysis further, the so l i t a ry cross-bedded s e t s , tabular in form, may 
suggest isolated migratory bars, perhaps emergent, like those of braided 
streams (Leopold and Wolman, 1957; Krigstrom, 1962; Allen, 1963c), 
or submerged at shallow depths as seen in the Rio Grande (Harms and 
Fahncstock, 1965, p . 103). Tabular cross-bedded units in cosets are 
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more prf^halily bui l t by down current migration of large s t ra ight 
symmetrical r ipple t ra ins (Hulsemann, 1955; Allen, 1963a) or transverse 
bars (Simons et a l . , 1965; p.42; Harms and Fahnestock, 1965). As 
ddittonstraLeU by Allen (196fi, p.119), U, seems large-scale trough cross-
bedded cosets can be generated by the migrotion of any kind of large 
ripploB whos« trough is closed or which contains closed hollows, as for 
example "quasi three dimensional s t ra ight r ipp les" , "transverse 
caternary r ipples" and "lunate r ipp les" . However, several worker* have 
advanced a l t e rna t ive mechanism to explain the origin of water-laid 
cross-bedded cosets of trough shape (Kneight, 1929; Stokes, 1953; 
Mckee, 1957; Harms and Fahnestock, 1965). A schematic diagram (Fig.15) 
based on calculated average thickness of cross-bedded uni t s , and 
incl inat ion and length of forese ts , shows the average dimensions of 
the migrating large-scale r ipples which may have produced the c ross - , 
hpdding cosets of Talchir, Barakar and Motur sandstones. Probable 
average d«pth of water inferred from the average thickness of c ross -
bedded units (Al)en, 1963a, p.J9B) is indicated in the f igure . 
3.22 Small-Scale Cross-Beddinc^ 
nniall-soalo cross-h^ris are r e s t r i c t ed to fine sat»dstoncs and sll tstorips 
ot the three formstiono and make up a small proportion as compared to 
large-scale cross-bedding (Plate 10 &(^, Unlike large scale cross-beds 
t h i s s t ruc ture often occurs in thin (about decimeter) cose ts . The 
thickness of individual se ts may vary from less than a centimeter to a 
few centimeters. Small-scale cross-beds of ihe study orca in b.-c. sections 
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f-ig. lb A schematic diagram showing average dimension of the migrating sandwaves 
during the deposition of Lower Gondwana roci<s 
bear close resemblance with those of Allen's (1963c, p.107) 'nu-cross-
s t r a t i f i c a t i o n ' . However, alonq the bedding plane surfaces in the 
a.-b. section this s t ructure is very similar to "micro-cross lamination" 
of Hamblin (1961) and ' r i b and furrow' s t ructures of Stokes (1953). The 
lower bounding surfaces of small-scale cross-beddings are generally 
non-erosional Inasmuch as the foresets of one set extend downward into 
the subjacent s e t . 
Following Sorby's meticulous insight (lfi59, 190R), it is now widely 
believed that small scale cross-bedding resul ts from the downward 
migration of small-scale ripnles under sediment supply condition that 
permit the successive generation of ripnled surfaces Clllen, 1963a; 
Mckee, 1965). Thus, the nu-cross-bedding probably record migration of 
small-scale linguoid r ipples (Allen, 1^635, pp.106-107). This s t ructure 
is known to develop from weaker currents in a lower flow regime (Allen, 
1963c, fig. 3, 196R). 
3.30 Paral lel lamination 
This s t ructure *^s predominant in green needle shale of Talchir formation 
as well as locally developed in carbonaceous and muddy s i l t s tones of 
the Barakar and Motur formations. In the Talchir shale para l le l 
laminations, are generally about 0.5 cm thick and a re , not uncommonly 
l a t e r a l ly traceable in some cases for about a few tens of meters. These 
laminations are s t ra ight to wavy and faint to well developed. However, 
at least at one local i ty the shale unit interbedded with diamicti te 
.Unit C conspicuously exhibits laminations which are a l te rna te ly thick 
[)C. 
EXPLANATION OF PLATE 10 
A : A set of trough cross-bedded unit overlain by large-scale 
tabular cross-bedded coset in medium to coarse Barakar 
sandstone. 
A creek cu t t ing , approximately 1 km south-southeast of 
Bhaijlpani. 
B : Superposed assemblage of small-scale cross-bedding in fine 
carbonaceous sandstone of the Barakar formation. 
Creek cut t ing , aoproximately 1 km southwest of Paras ia . 
C : A specimen of fine sandstone and s i l t s tone of the Talchlr 
formation showing on polished ver t i ca l face foresets of small-
scale cross-bedding. 
Creek cut t ing , approximately 4 km southwest of Khairwani 
v i l l age . 
PLATE 10 9 7 
or 
(1 to 2 cm) and thin (less than 1 cm) showinq a well marked qradation 
of particle size from fine sandstone to coarse silty at the base to 
fine silt and clay near the top (Plate ti A ). This sequence of 
laminations closely resembles "varves" (Pettijohn, lQ57a, p.353). 
Parallel laminations in the Barakar (Plate // & ) and Motur siltstones 
may be regularly horizontally soaced or irregularly arranged. The 
former may be attriboted to slow settling from suspension in quiet 
water (Horms and Fahnestock, 1965, p.109 ) whereas the latter to 
slightly turbulant water without adequate supoly of sediments. 
3.40 Ripple J.'arks 
Schrock (I94fi, p.93) defines r ipple marks as "undulating surface 
sculptures produced in non-coherant granular materials by the wind, by 
currents of water, and by the agi tat ion of water in wave act ion". The 
study of r ipple marks is useful in deterraininq the palaeocurrent d i rect ion, 
environment of deposition as well as the hydrodynamic conditions under 
which they were developed. 
Ripple marks occur sporadically in the study area and are par t icu la r ly 
common in medium to fine sandstone of the Talchir formation. They are 
asymmetrical in form (Plate l/C ) except in a few outcrops where they 
appear to be symmetrical. Their crests are more or less rounded and 
l a t e ra l ly gently undulating to bifurcating; amplitude varies from 
1.0 cm to about 3 cm in some Talchir sandstone (Plate 14 C ) and wave 
length from 16 cm to 25 cm. Most of these r ipple marks are similar to 
Allen's (196R, p.65) 'Transverse sinuous' r ipnle t r a i n s . Ripple index, 
i)P: 
EXPLANATION OF PLATE 11 
A : Embedded in a massive diamictfte is a lenticular body of 
laminated shale consisting alternatingly of coarse siltst»ne 
and clay. The structure resembles varves. 
Creek cutting, approximately 4 km south-southwest of Sukri 
village. 
B : A polished specimen showing parallel and wavy laminations 
in the carbonaceous siltstone of the Barakar formation. 
Pench River cutting, approximately 1 km southwest of Setia village. 
C : Slightly asymmetrical ripple marks in the Talchir sandstone. 
Creek cutting, approximately 3 km south-southwest of Khairwani 
village. 
PLATE n 1 0 
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namely, r a t i o of wave length to amplitude (Potter and Pett i john, 
1963, p . 93) confuted for the three formations ranges from 17.3 to 
20.0 , but in a few cases I t is below 10. Adraitedly a l l the values 
occur well within the range of 4 to 20 which is charac te r i s t i c of 
aqueous ripples (Kindle and Bucher, 1932; "IWenhofel, 1950. Ripple 
inded for eolian ripples is known to be higher than saqueous r ipples 
(Kindle and Bucher, 1932; Schrock, 1948). 
I t is now an accepted view that current r ipples represent a fundamental 
form of bed roughness and are generated in lower flow regime where the 
res is tance to flow is la rge . 
3.50 Channels and Scour-and-Fill 
Small to large erosional channels from about a meter to more than 10 
meters wide and from a few centimeters to about 3 meters deep commonly 
occur in Unit D of the Talchir formation and medium to coarse sandstones 
of the Barakar and Motur formations and represents an erosional surface. 
In the Barakar and Motur formation (Plate IX ) these channel sandstones 
are apparently massive, however, in some places the channels are not 
wide and deep and are f i l l ed in with cross-bedded s t r a t a and resembles 
' s c o u r - a n d - f i i r s t ructure (Schrock, 1948, p . 230) or ' r ipp le scours ' 
(Potter and Glass, 1958). 
l o : 
EXPLANATION OF PLATE 12 
Channeled sandstone in the Motur formation showing in the foreground. 
In the background are smaller features resembling scaur-and-f i l l 
s t r u c t u r e s . 
Left bank of Pench r ive r , approximately 4 km east-southeast of 
Dorli v i l l age . 
u: 
PLATE 12 
CHAPTER I I I 
PALEOCUBHENT ANALYSIS 
Several workers have undertaken paleocurrent studies in the Lower 
Gondwana coalfields of Peninsular India (Ganju and Srivastava, 1959; 
Srivastava, 1961; Niyogi, 1961, 1966; Banerjee, 1960; Ghosh and 
Mitra, 1967; Senqupta, 1966, 1970; Casshyap and Jain, 1970). However, 
the Satpura Gondwana basin has been l i t t l e studied from this point of 
view.Recently Casshyap and Qidwai (1971) in a preliminary study analysed 
the paleocurrent patterns of a l l the three Lower Gondwana formations of 
the Pench Valley coal f ie ld . 
Paleocurrent data for the present study were collected essent ia l ly 
from diamictites and sandstones usinq appropriate direct ional features 
as and where avai lable . For diamicti te units of the Talchir formation 
the paleocurrent study is based mainly on (1) dimensional pebble 
fabr ic , and (2) s t r i a t ions on the c las ts embedded in the diamict i te 
units and those on the bedding surface of some sandstone interbeds. 
However, for sandstones of the Talchir , Barakar and Motur formations 
the direct ional features used for paleocurrent study in the descending 
order of importance, are (1) large-scale cross-bedding dip azimuth, 
(2) small-scale cross-bedding dip azimuth, (3) r ipple asymmetry and (or) 
azimuth of r ipple cres t , and (4) orientat ion of foss i l plant fragments. 
10: 
The present investigation aims at inferinq (1) paleocurrent patterns 
for the Talchir, Barakar and Motur formation; (ii) paleocurrent 
variability and its bearing on the nature of deoositional agencies; 
and (iii) palaeoslope. 
1.0 METHODOLOGY 
Several workers have outlined the procedure for undertaking palaeo-
current study of recent and ancient sediments (Pettijohn, 1957a, p.470; 
1957b, p. 578; Potter and Pettijohn, 1963, p. 252). Among the 
procedural steps of study noteworthy are (i) sampling plan, (ii) 
measurement and recording of data, and (iii) data processing. 
1.10 Sampling Plan 
For the sake of uniform sampling, vitally needed for paleocurrent study, 
the outcrop limits of each formation were arbitrarily subdivided into 
a network of "sectors" of equal size so that each sector measured an 
area of 4.fi sq km. Only those sectors were considered for sampling 
paleocurrent data which were occupied by outcrops of the Lower Gondwana 
sedimentary formations. Sectors occupied by Deccan traps or alluvium 
were disregarded. The cross-bedding data were recorded following 
modified hierarchical method of sampling (Potter and Siever, 1956, 
p. 232; Potter and Pettijohn, 1963, p. 254). This method of sampling 
is now commonly used for paleocurrent studies of sand and sandstones 
(Potter and Pryor, 1961; Loof and Hubert, 1964; Sedimentation Seminar, 
1966; Casshyap, 1968; Kelling, 1969; Sengupta, 1970). Depending upon 
the availability, paleocurrent data were recorded from one to four 
lOr 
exposures of cross-bedded sandstone within each sector, and one to 
four cross-bedded units, preferably at different stratigraphic levels, 
were selected at each exposure, measuring dip azimuth for one to two 
foresets within each cross-bedded unit. As a rule the regional dip and 
strike were measured at each exposure where cross-bedding data were 
recorded. More or less a similar sampling plan was followed for 
pebble fabric analysis of Talchir diamictites and data were collected 
at one to four exposures within a sector in the western part of the 
area where Talchirs are extensively exposed. However, Talchir exposures 
in the eastern part are sporadic and limited in extent so that only one 
exposure was available within certain sectors. 
1.20 Measurement and Recording of Data 
The number of measurements recorded at each exp^^sure varied with the 
nature of rock type and available directional feature. For Talchir 
diamictites which are generally hard and compact in the study area and 
out of which it is not always possible to take out the clasts intact, 
the pa]eocurrent data consist of azimuth?)3 mensurements 'of apparent long 
axis of embedded phenoclasts having an apparent length to breadth ratio 
greater than 2 (Pettijohn, 1962^ 1; Casshyap, 1968; Young, 1968; Lindsey, 
1969) taken from surfaces parallel or subparallel to the dip of the 
associated strata (Casshyap, 196P). On an average 30 to 50 measurements 
were recorded at each exposure in the western part of the area. However, 
because of the fewer outcrops of the Talchir strata in the eastern part, 
the number of measurements was increased from about 50 to a maximum of 90 
10 
at the exposure level . No par t icular samplinq plan was followed In 
the case of s t r i a t ed c las ts and beddinq surface s t r i a t ions which occur 
locally at isolated outcrops, and 4 to 10 azimuthal measurements were 
recorded in each outcrop, 
A to t a l of 1021 measurements were recorded from a t o t a l of 31 exposures 
and 11 sectors of Talchir diaraictites of the study area (Appendix I t l ) ; 
the i r break-up is as follows: 
„ . . . Apparent long- Bedding Str ia t ions Total 
^ . . ^.^ axis of embedded surface on embedded raeasure-Diamictite , ^ ^ • ^. •, ^ 
clasts s t r i a t ions c las t s ments 
Western Part 644 4 28 676 
Eastern Part 339 - 6 345 
Grand Total = 1,021 
Paleocurrent data for sandstones were recorded mainly from sedimentary 
structures like large- and small-scale cross-bedding. Measurements at 
each exposure include recording of dip azimuth of cross-bedding foreset , 
i t s incl inat ion, and the scale (thickness) of the cross-bedded uni t . 
In accordance with the sampling olan outlined above, commonly four to 
eight measurements of cross-bedding dip azimuths were recorded at one 
exposure. However, the number of measurements was increased up to 20 
on exposure where foreset dip azimuth appeard to be var iable . Wherever 
planar surface of cross-bedding foresets was not avai lable , measurements 
of dip and s t r ike of foreset planes were taken on hard card board 
aligned with the traces of cross-bedding on two in te r -sec t ing surfaces 
(Pe l l e t i e r , 1958, p . 1035; Pot ter and Pett iJohn, 1963, p . 77) . Among 
10 
trough cross-bedding of l a r g e - and s m a l l - s c a l e , those of s e m i - e l l i p t i c a l 
and c recen t shape a v a i l a b l e on bedding or a;-b. olane were s e l e c t e d for 
measurements. Data on such cross-beddino t r a c e s include azimuthal 
measurement of the plunqinq end of trough ax i s as a l s o the amount of 
p lunge, i f p o s s i b l e . Heasurenent for r i p o l e marks numbering 2 to 
10 on each bedding plane represen ted azimuth of r i p n l e c r e s t or t h e i r 
asymmetry. Azimuths of long ax i s was measured for f o s s i l p l an t s 
wherever they occurred on the bedding s u r f a c e . 
A t o t a l of 1148 measurements were c o l l e c t e d from 127 exnosures and 37 
s e c t o r s of the T a l c h i r , Barakar and Motur formations (Appendix TV). 
D i s t r i b u t i o n of the data for each formation i s given as fo l lows: 
cross-bedding Marks azimuth 
Large sca l e c r o s s - ^ „ i i i o- i m ^ 
vnmn^^rrsM u A^I tr *. A Small s c a l e Ripple Plant T, ^ , 
bORMATIOM bedding (Cosets and . . , , _ . „ _ .._„. . _ . . _ L Total 
s e t s ) 
Motur 
Barakar 
Ta l ch i r 
454 
491 
43 
33 
47 
14 
2 
7 
20 
Grand 
— 
37 
Total = 
489 
582 
77 
1,148 
The i n c l i n a t i o n of fo rese t s and s c a l e of cross-bedded un i t s a r e r e l a t e d 
t o the morphology of c ross -bedding , and have been descr ibed e a r l i e r in the 
preceeding chap te r . 
1.30 Data Processing 
Since the tower Gondwana rocks in the study area generally dip at an 
angle of less than 10 , it was not considered worthwhile to apply tilt 
correction to the raw data (Potter and Petti John, 1963, p. 262). For 
lor 
each formation, thounh, paleocurrent data, par t icu lar ly those reoresent-
ing nebblp fabric and large-scale cross-beddinq, were orocessed 
seoarately at different sampHno levels of the heirarchical plan, as 
follows: 
Pormation Total data; 
Subarea representing data from 23 to 30 sec tors ; 
Sector representing data from 1 to 5 exposures; 
Exposure representing up to 8 or more readinns taken from 
1 to 4 cross-bedding un i t s . 
Followinp the conventional procedure, dimensional pebble fabric data 
and cross-bedding dip azimuthal data, at desired samplinn level , were 
grouped in 20 - and 30 -c lass in te rva ls , resoect ively, plotted as 
c i rcular histonrams or rose diagrams. However, in view of the smaller 
number of measurements at each exoosure, the paleocurrent data for 
diamictites and sandstones have not been represented at the exposure 
level by rose diagrams but, following the method of ".grouoing of data" 
(Potter and Siever, 1956; Curray, 1956; Casshyap, 196R) rose diagrams 
were prepared for successive higher levels . Dip azimuthai data for 
small-scale cross-beddina being limited in number and res t r i c t ed in 
occurrence, corresponding rose diagrams have been plotted only at the 
formation level separately for Talchir, Barakar and Motur. For other 
d i rect ional features like r ipole marks, plant foss i ls and s t r i a t i o n s , 
rose diagrams were not prepared because of meagre data. 
Since paleocurrent data represent a case of continuous d i s t r ibu t ion , 
use of "simple" s t a t i s t i c s has been recommendedd by many workers (Jizba, 
ii'^  
1953; Olson and Pot ter , 1954; Curray, 1956; Potter and Pett i john, 
1963.) and parameters such as vector mean, vector magnitude (in per cent) 
or vector strength (L), standard deviation, and variance were computed 
for grouped data both for 0-180 and 0-360 d i s t r i bu t ions . The Reyleigh 
t e s t , as described by Curray (1956, p . 125), was applied to t es t the 
significance of preferred or ienta t ion, and the hyoothes^s that the 
d is t r ibut ion was signif icantly different from a random population was 
tested at F per cent level . 
2.0 PALEOCUKRENT RESULTS AND THEIR CHARACi^ RISTICS 
2.10 Dimensional Pebble Fabric 
The azimuthal dis t r ibut ion of apparent long axes of embedded c las t s in 
Talchir diamictites is commonly bimodal and occasional unimodal at the 
sector level (Fig. 16). The principal mode of the unimodal d is t r ibut ions 
and the primary and secondary modes of the bimodal d is t r ibut ions are 
confined to northwest-southeast quadrants excent in a few cases where 
the modes trend northeast-southwest. Bimodality in the diamlctite fabric 
pers i s t s at the higher ' subarea ' level comprisina 4 to 6 sectors (Fig.17) . 
However, at these higher levels the primary mode becomes more pronounced 
and oriented north-northwest - south-southeast. The secondary mode, 
usually confined tb west-i>orthwest - east-southeast c l a s s , is ra ther 
weakly developed. Bimodal fabric in Talchir diamicti tes has been reported 
from several other areas including those of the Damodar Valley coa l f ie lds . 
(Ganju and Srivastava, 1957; Srivastava, 1961; Ghosh and Mitra, 1967), 
and as such i t seems to be rather an ubiquitous feature of these rock types. 
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Bimodal orientation of elongatpri c las ts is known to be a charac te r i s t i c 
feature of t i l l s (Holmes, 1941; Harrison, 1V57; Drelm-dnls, 19r)9) auU 
t i l l i t e fabric (Pett i john, 1962; Casshyap, 1968; Lindsay, 1969; 
Lindsay, ]*>70). Recently i t h3S b^en reported from diamicti tes a t t r ibu ted 
to mud flows (Lindsay, 1966, 1968; Winterer, 1964). Tndeed in cer ta in 
circumstances U could be impossible to dist inguish mudflow fabric from 
t i l l fabric (Lindsay, 196R, p . 1252). 
Computed values of vector mean at exposure levels are rather variable 
though comnionly res t r ic ted to northwest-southeast quadrants and less so 
in northeast-southwest quadrants (Pig. 18, cover pocket; Appendix V). 
Corresponding values of vector strength are likewise variable from 30 
to 60 per cent . At the sector and higher saraplinn levels values of 
vector mean are more consistent in the northwest-southeast quadrants 
and by and large dis t r ibuted in a narrower range (Table 8 ) . However, at 
these levels , r ight ly so, corresponding vector strength is aonreciably 
reduced and commonly varies from 21 to 31 per cent . Likewise, the variance 
or dispersion of azimuths around respective vector mean is fa i r ly high 
at the sector (ranqina from 1393 to 2500), subarea (2111 to 2274) anri 
formation level ( to t a l variance 2265; standard deviation 47). Only in 
one sector (No. 13) does the variance exceed 2500 (standard deviation 
nreater than 52), indicatinq that the azitauthal d is t r ibut ion within th i s 
specific area is 'uniform' (Griffiths and Rosenfeld, 1953; also see Potter 
and Pett i john, 1963, p . 268). In al l other sectors and at higher sampling 
levels , the variance value ranges on the avernne from 2166 to 2265 (Table P) 
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2.20 Large Scale Cross-Beddinq (Cosets and Sets) 
2.21 Talchir Sandstone 
The pa leoc'irrent study of T^ichir sandstone is limited to 43 measurements 
recorded in the western pare from 1 exposure of sub-unit Cj (3) and six 
exposures of Unit D(40). The azimuthal d is t r ibut ion of grouped data is 
rather polymodal (Fiq. 17), perhaos due to lack of data, witii the 
primary and secondary modes in the northeast and northxAiest quadrant and 
the addltiooal subsidiary mode in southwest quadrant, \lthouah computed 
vector mean for these sandstones is variable at exposure level (Fig. Ifl, 
cover pocket), corresponding vector strength is high at exposure level 
(average 73 per cen t ) . The grand vector monn for the cross-bedding 
azimuths is 44 snd the va r i ab i l i t y as high as R717 C^able ^ ) . 
2.22 Barakar Sandstone 
'''he distribution of cross-beddino dio azimuths in the succeeding 
Barakar sandstone is predominantly unimodal at the sector level (Fig.16). 
Exceptionally, in a few sectors (Nos. 22, 2P and 36) the distribution 
is bimodal and in a solitary sector (No. 26) the distribution is trimodal. 
The principal and adjacent modes in the unimodal distribution and the 
primary mode in the bimodal distribution lie mostly in the northwest 
quadrant. In the solitary trimodal distributi&n, the primary mode is 
confined to northeast quadrant. The occasional polymodality in a few 
sectors of the Barakar formation could be of genetic significance, 
though partly it may be attributed to the mixing of azimuthal data from 
cross-bedded cosets and single sets, as elaborated elsewhere in this 
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chapter. There i s , however, l i t t l e evidence of polymodality when 
azimuthal data are grouned resnectively for each sub-area as well as 
at the foruation level (Fiqs. 17 and 21) , At these higher samplino 
levels the dis t r ibut ion is d i s t inc t ly unimodal and the principal and 
adjacent modes l ie uniformly in the northwest quadrant. The only 
exception is the eastern subarea where the secondary mode is weakly 
developed to northeast . 
S t a t i s t i c a l resul ts of cross-beddinn dip azimuths likewise provide 
valuable inf-^rmation. At exposure levels values of vector mean ranqe 
by and large between 2^0 and 350 , and only in a few cases do they 
l ie in the northeasterly direction (Fig. IP, cover pocket) Appendix VT). 
Therr i s , however, a grenter consistency in vector mean computed on 
grouped azimuthal data at sector (Fig.lR, cover pocket), subarea (Fig,17) 
and formation (Fig. 21) levels C^able 9 ) , inasmuch as i t is predominantly 
dis t r ibuted in the ranne of northwest quadrant. Charac ter i s t ica l ly , 
cross-bedding azimuths of Bamkar sandstone exhibits on the average a 
higher vector strength or greater concentration of vector components 
(generally exceeding 60 per cent) both at the exposure and sector level, 
and for t i e l a t t e r a corresponding lower variance commonly ranging 
between 1200 and 25CX) (Table Q), Cross-bedding var iab i l i ty is 
pe r s i s t en t ly on the lower side at the larger subarea level (ranging 
from 1360 to 20B?) and at the formation level ( t o t a l variance 1437) 
(Table 9 ) . As is evident from rose diagrams the cross-bedding 
azimuthal d is t r ibut ion in the Barjikar formation at a l l the sampling 
11 r 
levels is s ignif icant ly different from randomness at .05 level of 
confidence. Indeed lower variance of cross-bedding azimuths in this 
for nation may have a bearing on the regimen of depositing cur ren ts . 
2.23 Motur Sandstone 
The distribution of cross-beddino dip azimuths for sandstone of the 
'lotur formation is strikingly different from that of the Barakar formation 
particularly at the sector level in that it is unimodal in a few sectors 
(Nos. 31, 53, 56) and commonly biraodal and tri- or quadrimodal (Fig. 16). 
The principal mode in unimodal distribution is variable, by and large, 
within the range of northwest and northeast quadrants. So are generally 
the primary and secondary modes of biraodal distribution, the latter mode 
shiftino to southwest quadrant in some cases. Of the three or four 
modes of polymodal distribution, the primary and secondary are in the 
northern segment more or less within the range of northeast and northwest 
quadrant, and the other subsidiary modes are in the two southerly 
quadrants. As in some sectors of the Barakar formation, part of the 
polymodality in the Motur formation may be accounted by mixina of cross-
bedding data representing cosets and single sets. There is, however, a 
strong liklihnod that the polymodal distribution of cross-bedding 
azimuths at the sector level in this formation is genetically controlled 
inasmuch as it may indicate the prevalent regimen of depositing currents 
in the small area of sector level. The polymodal nature of azimuthnl 
distribution is, however, considerably reduced when larger 'subarea 
level' is examined (Fig. 17) in which case the bimodality develops in 
i i r 
the eastern and central subareas but in e i ther case the principal mode 
l ies in the north-northwest class (300 -360 ) and secondary mode to 
southwest. Moreover, in the western subarea the aximuthal d is t r ibut ion 
is conspicuously fan-shaped and unimodal with pr incipal mode lying 
in the north-northeast class (0 -30 ) . Likewise, at the formation leve l , 
the d is t r ibut ion is more or less fan-shaped and unimodal (Fig. 21), 
the principal and adjacent modes at th is level l i e in the north-northwest 
class (340°-360°). 
As compared to Barakar formation, mean azimuthal direction of large-scale 
cross-bedding in the Motur formation is generally variable at different 
exposures but in most cases i t is directed to northwest and northeast 
(Fig. 18, cover pocket) . At roost sectors in the eastern par t , the mean 
azimuthal direction is to the northwest whereas in those of centra l and 
western part i t is e i ther to the northwest or to the northeastC Fig. 18, 
cover pocket) . However, at higher sampling levels of subarea (Fig. 17) 
and formation (Fig. 21) the mean direction of cross-beddinq azimuth is 
more consistent to the northwest except in the western subarea where i t 
is directed to the north-northeast . Unlike the Barakar formation vector 
strength in Motur sandstone exhibits a great deal of variat ion not only 
at exposure level (40 to 90 per cent) but also at sector levels (20 to 70 
per cent) (Table 9 ) . Signif icantly, there is an increase in the cross-
bedding va r i ab i l i ty from sector (average variance 5761) to formation level 
( toval variance 6181). Except for a few sectors (Nos.48, 34,37), the 
azimuthal d is t r ibut ion is found to be s ignif icant ly different from 
randomness at .05 confidence leve l . 
1 2'" 
2.30 Large Scale Cross-Beddlnq (Sets only) 
As referred to ea r l io r , large scale cross-beddinq in the Lov/er Gondwana 
sandstone commonly occur in successive sets (cosets) and locally and less 
commonly in single s e t s . Cross-bedded unUs in sinqle sets may be 
preceded and succeeded by massive and horizontally bedded sandstone. 
Inasmuch as cross-beddinq cosets and sets may not have originated by 
the same process, as stated in the preceeding chapter (page cf/ ) i t 
was apnropriate that the dip azimuthal d is t r ibut ion of cross-beddinq 
occurring in single sets should be examined separately. 
The study is based on azimuthal measurements of foreset dip taken dandomly 
wherever units are well developed and well exposed. A t o t a l of 97 
readings from 30 exposures was recorded from the i?araVar formation and 
127 readings from 26 exposures from the Motur formation. Tn e i ther '•pse 
the grouped data are treated graphically and s t a t i s t i c a l l y at the 
formation level (Fig. 19). 
The azimuthal d is t r ibut ion for cross-bedded sinqle sets is weakly 
biraodal in the case of Barakar formation and is more or less similar 
to that of the combined azimuthal data for cosets and sets of a few 
sectors (Nos . 22, 2fi, 36) referred to e a r l i e r . The two modes l ie in 
northwest and north-northeast quadrants and are 30 apar t . Although 
computed vector mean of t o t a l azimuths for cross-bedded sets closely 
coincides with that of combined cosets and s e t s , concentration of 
vector components i s poor (L= 32 per cent) and the corresponding to t a l 
variance (7296). The azimuthal d is t r ibut ion i s , however, s ignif icant ly 
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different from randomness at .05 confidence level . 
For the Motur formation foreset din azimuths of single sets exhibit a 
much more wide ranqe of d is t r ibut ion akin to an assemblage comprising 
two separate unimodnl populations (Fig. 19) . T'he two modes of the 
d i s t r ibu t ion , to the north-northeast and west-southwest, are more than 
90 apar t . The resul t ing bimodality in the present case was resolved 
by calculating two vector means for each population (Kelling, 1969, 
p . 863). The two vector means are directed northeast and southwest; 
the dispersion of azimuths around e i ther mean is of a moderate order 
(variance 3110 and 1407, respec t ive ly) . 
2.40 Small-Scale Cross-Bedding 
Small-scale cross-bedding in medium to fine sandstone and s i l t s t one 
occurs in a l l the three formations but is not so abundant as the large 
scale cross-bedding. In order to analyse the difference in the flow 
pattern that may occur during the development of small- and large-scale 
bed forms, i t is desirable that the dio azimuthal d is t r ibut ion of small-
and large-scale cross-bedding be examined separately (Allen, 1^66, p.lFB) 
None so far has examined cross-beddinq dis t r ibut ion of Lower Gondwana 
rocks with this point in view. This study is based on a to ta l of 94 
measurements of foreset dip azimuths of small-scale cross-bedding from 
sandstones of Talchir (14), Barakar (47) and Motur (33) formations. 
This includes 50 measurements of trouah axis as and where exposed in 
each formation (Appendix IV). The azimuthal d is t r ibut ion of small scale 
cross-bedding is by and large oolymodal in a l l the three formatior'S 
(Fig. 21) although primary mode is in the nort^i-northeast class in 
each case. The grand vector mean respectively for the Talchir , Barakar 
and Motur formations are 14 , 44 and 21 . 
2.50 Hippie Hark 
Out of a to ta l of 29 measurements of r ipole marks, 9 represented azimuth 
of ripnle crests taken from 1 outcroo of Talchir sandstone and 20 referred 
to the I'ee side orientation taken from limited outcroos of Talchir (2) , 
Barakar (2) and Motur (1) formations. Computed resul ts . recorded in 
Table 10 show that ripnle asymmetry coincides with and crest azimuth 
l ies across to predominent diu azimuthaJ direct ion of associated large-
scale cross-bedded uni ts , by implication therefore the available r ipple 
marks of the three formations may be termed 'Transverse' r ipole marks. 
2.60 Fossil Plant Orientation 
Large axis of embedded fossi l plants were measured at two exoosures of 
the Baraknr formation. Some of the fossil plants on which measurements 
were made were smaller fragments (leaves) others were of large size 
( t ree t runks) . Mean orientation of fossil plants par t icu lar ly of large 
s ize tree-trunks coincides with the mean azimuthal direction of large 
scale cross-bedding in the Barakar formation (Table 10). However, small 
sized plant fragments exhibit a variable orientat ion oa ra l l e l to or at 
an angle to the cross-beddina azimuth. Some smaller fragments in fine 
sandstone are perpendicular to the mean azimuthal direction of small 
scale cross-bedding. It is generally believed that the orientat ion 
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of plant debris may l ie hoth oara l le l (large sized plant materia]) or 
peroendicular (smaller fragments) to the naleocurrent direct ion 
( P i l l p t i c r , 195P; Potter and Pett i john, 1963; Land and Hoyt, 1966; 
Barre t t , 1970). 
2.70 Linear Str iat ions 
Aaimuthal measurements of s t r i a t ions tota1inq3P were recorded on embedded 
c lasts (34) in diamictite and on the upper hedd'nc! surface of sandstone (4) 
interbedded with d iamict i te . Calculated mean values of the s t r i a t ions 
exhibit a southeast-northwest trend (Table 10), which is almost in 
conformity with that deduced from fabric of embedded c l a s t s . 
3.0 PAIEXURRENT PATTERN 
Fiq. 20 is a comprehensive diagram i l l u s t r a t i n g separately for Talchir, 
Barakar and Motur formations the orientation of the direct ional features 
used in the reconstruction of lx)wer Gondwana paleocurrent system for the 
Pench Valley coalf ie ld , liowever, a simplified paleocurrent pattern for 
the three Lower Gondwana formations of the study area is i l l u s t r a t ed in 
f i g . 21 . To f a c i l i t a t e comparison, azimuthal pattern deduced from small 
scale cross-beddinq is also shown in the f igure . 
Clearly, the predominent direction of sediment transoort during the 
deposition of Talchir through Mot'ir was broadly from south and southeast 
d i rec t ion . The estimated mean line of sediment transport for diamicti tes 
of the Talchir formation is 33P or 158° + 47 for the eastern part 
and 325 or 145 + 45 for the western p a r t . However, at the formation 
w^ 
H 
U 
Fig 20 A summary diagram showing directional sedimentary 
structures in the Lower Gondwano rocKS 
1 > • 
level for I a 11 the dlamictlte units the mean line of sediment transport 
is 324 or 144 + 47 . The low vector strength (28 per cent) and 
higher standard deviation or variance <f265) at the formation level 
imply greater dispersion of fabric OKimuths around the mean. The 
estimated mean current direction fof Lho associated Talchii^ isandstone 
is 44 + 93 i High standard deviation, Implying a high order of 
dispersion of cross-bedding dip azimuths around the mean,may be signi-
ficant but lack of data (43 measuremeats) prohibits serious consideration. 
For the Barakor and Motur formations the etstimated paleocurrent directions 
are 330° + 38° and 347° + 78°. Higher standard deviation value of 
azlmUthxl distribution in Motur sandstones implies greater variability 
of the current pattern as comparwd to that for the Berakar sandstones. 
Indeed there is a possibility that, in addition to the predominant 
paleocurrent system, mihor secondary current systems may have contributed 
sediment to the depositional basin from the soutliweat particularly 
during the Motur sedimentatidn. 
Interestinqly, weakly turbulent paleocuircnts, which resulted in the 
development of small-scale cross-beddinn durinq the deposition ot Rarokar 
ond Motur sedimonis, exhibit a flow pattern thpt is more or less at 
variance with the predominant paleocurrent direction referred to above. 
As opposed to the northwesterly paleocurrent dliectionc deduced from 
large-scale cross-bedding azimuths, the current pattern based on small-
scale cross-bcrJ'.iir)() azimuths is largely to the northeast in the case 
of Barakar and greatly variable, to the noitheast, southwest as well as 
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to the northwest in the case of Motur strata (Fig. 21). Results of 
the study show that the latter paleocurrent patterns, which are Indeed 
local in behaviour, seldom coincide with the predominant current oattern, 
and are more often directed at angles up to 90 in some cases. 
Allen (1966, p. 1E5) opined on theroretical consideration that since the 
two structures represent two different energy environments their formation 
might result in the different values of the azimuths and standard 
deviations. Kelling (196B, p. 2382) reported fluctuations in the current 
vector between assemblages of large- and small-scale cross-bedding of 
Rhonda Beds of South .Vales. However, Barrett's (1970, p. 404) study on 
the Permian and Triassic Beacon rocks, of Antarctica has shown that 
there is little variation in the azimuths of the two directional features. 
Paleocurrent study of the Talchir, Barakar and Motur formations of the 
study area reveals that the depositing agencies/currents brought the bulk 
of the Lower Gondwsna sediments into the depositional basin largely and 
consistently from the southeast. Explicitly, this was also the direction 
of paleoslope which was unchanged throughout the deposition of the 
sediments for the three formations. If the paleoslope during early 
Gondwana times was northwesterly, the possibility should not be ruled 
out that the bulk of the Talchir diamictites and associated sandstone 
were deposited by an agency which advanced into the basin down the 
general paleoslope from southeast to northwest. 
CHAPTEB IV 
PARTICLE SIZE ANALYSTS 
Although many workers have described particle size characters of the 
Lower Gondwana rocks from different coalfields of Peninsular India 
(Banerjee, 1960, 1963; Srivastava, 1961; Israili, 1967; Shukla and 
Hai, 1970; Rizvi, 1970; Sengupta, 1970) few have examined these rocks 
from this point of view in the Pench Valley coalfield. "Hiis investigation 
was undertaken to examine quantitatively the grain size characters 
of the Lower Gondwana rocks in the study area, and to evaluate the 
possible processes attending the deposition of sediments. In all 
65 samples were analysed for particle size analysis, representing 
diamictites (5) and conglomeratic rocks of the transitional unit (2) of 
the Talchir formation, and sandstones from Talchir (8), Barakar (17) and 
Motur (33) formations. Samples from each formations were collected 
laterally as well as vertically at a suitable arbitrary interval. 
1.0 METHODOLOGy 
Lower Gondwana sandstones of the study area are generally weakly 
indurated; some are soft and friable, and a few are carbonate cemented. 
The bulk of the sandstones are therefore capable of complete disaggre-
gation. Although Talchir diamictites are massive, their matrix, which is 
13 
t'3{ 
occasionally carbonate cemented is found amenable to complete disaggrega-
tion. Thus, for 62 samples out of 65 particles size analysis was 
carried out mechanically using the standard method of sieving (Krumbein 
and Pettljohn, 1938). However, the method of sieving is not conveniently 
applicable to carry out complete size analysis for the diamictite rock 
as a whole (3 samples) inasmuch as it consists of limestone and sandstone 
clasts embedded in the matrix. A simplified method of size analysis 
stated elsewhere, has been followed for such rocks. 
Methods for disaggregation of rocV samples have been elaborately 
described by Folk (1961, p. 16-17), and those applicable were followed 
depending on the nature of sample. However, during the process of 
disaggregation, utmost precaution was taken against, breaking of mineral 
grains particularly in samples which included fine to very fine pebbles 
of feldspar. In order to record adequate details of the behaviour of 
clastic particles to the depositional processes, it was considered 
desirable to analyse the clastic particles on 4/2 graAe scale of 
Wentworth (see Folk, 1961, p. 24). Sieve analysis was carried out on 
the standard set of |\STM sieves. Inasmuch as the residual silt and 
clay caught in the receiving pan seldom exceeded 5 per cent of the 
total sample, hydrometer analysis was not carried out on silt and finer 
fractions of less than .0625 ram (Schumm, 1960, p. 178). Instead of 
millimeter scale, Phi scale (Krumbein, 1936) was followed for computing 
the statistica parameters proposed by Folk and Ward (1957). As is well 
known these statistical parameters are widely used in particle size 
IJ," 
s tud ie s . Results of sieve s ize analysis for 62 samples are recorded 
in Appendix VII. 
2.0 GRAIN SIZE NOMENCLATURE 
Percentages of gravel (fraction greater than 2 mm),sand and mud ( s i l t + 
clay) are recorded in Appendix VITI, and, for the purpose of grain s ize 
nomenclature, plot ted on a percentage t r i angle af ter Folk (1954, p.346) 
in Fig. 22. Evidently the Lower Gondwana sandstones under investigation 
can be divided into four tex tura l c lasses , v i z . "sandstone", "s l ight ly 
gravelly sand", "gravelly sand" and "sandy gravel" . The break-up of these 
classes for each formation is as follows: 
Sandstone Slightly gravelly Gravelly Sandy 
sand sand gravel 
Motur 
Barakar 
Unit B 1 3 1 2 
Unit A 4 10 11 1 
Unit D - 1 
Talchir Sandstone 3 5 
Diaraictite 
3.0 TREATMENT OF PARTICLE SIZE DATA 
Krumbein and PettiJohn (1938) discussed in de ta i l the different methods 
of p lo t t ing pa r t i c l e size data . Folk (1966, p . 76) described two methods 
for analysing par t i c le size data: ( i ) calculation of s t a t i s t i c a l 
parameters from t rad i t iona l cumulative curves; and ( i i ) obtaining the 
s t a t i s t i c a l parameters d i rec t ly by computation (moment method) without 
p lo t t ing a graph. Admittedly the f i r s t method has an edge over the 
1 A : 
a Motur Unit A 
X Motur Unit B 
o Barakar 
• Talchir 
Gravel 
( >• 2 m m ) 
G, g rave l , g, gravel ly 
(g), Slightly gravelly 
S,sand, s ,sandy 
M, m u d . m, muddy 
[Silt + Clay) 
^ .0625 
Fig 2 . o ra in size nomenclature for the Tatchir, Barakar and Motur ro rks 
Nomenclature and subdiv i /o f the tr iangle after Folk (195A) 
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second because it can be subjected to visual inspection and comparison 
and also because it overcomes the errors in weighing and spotting a 
faulty screen (Folk, 1966, p. 77). In the present case particle size 
data are graphically represented on arithmatic probability paper (Folk, 
1961, p. 42; 1966, p,77) and not on arithmetic graph paper owing to 
the latter's shortcomings described by several workers (Otto, 1939; 
Inman, 1952; Mason and Folk, 1958; Rogers, 1959; Folk, 1961, 1966). 
Plotting cumulative percentage on arithmetic probability paper yields 
either one inclined straight line or more than one inclined and intersect-
ing lines. The former represents a case of a normally distributed 
sediment load (population) deposited by a uniform process, whereas the 
latter may be either a case of admixture of more than one sediment 
types derived from different source rocks, or, more likely, may represent 
more than one kind of sediment load transported and deposited by different 
processes (Folk and Ward, 1957; Tanner, 1959; Fuller, 1961). Many 
workers believe that the grain size distribution in rudaceous and 
arenaceous deposits represent mixtures of three or less than three log-
normal populations of sediment load and that these distributions are 
produced under varying transport conditions (Doeglas, 1946; Moss, 1962, 
1963; Spencer, 1963; Visher, 1965). Recently, Visher (19^) in a 
comprehensive grain-size study examined the relative distribution and 
mutual relationship of traction, saltation and suspension loads in 
modern and ancient sediments of different depositional environments. 
Results of particle size analyses (Appendix VII) have been discussed 
a: 
separately for rocks of Talchlr, Barakar and Motur formations. Although 
for diaraictite matrix and conglomeratic rocks of the Talchir formation 
the results are plotted as cumulative curves on probability arithmetic 
paper, the number of samples was too small to permit a comprehensive 
grain size analysis. In the case of sandstones, to avoid graphic 
repetition, cumulative weight percentages on arithmetic probability 
paper were plotted only for a set representing some samples taken 
randomly from each formation, and sediment characters appropriately 
described making use of such parameters as "inflection point" inclination 
of cumulative probability plot which may represent qualitatively the 
degree of sorting of sediment (Folk, 1961; p. 40; Visher, 1969, p.1103). 
In order to analyse and compare the sediment characters of the entire 
sample, statistical parameters of Folk and Ward (1957, pp. 14, 15, 16) 
were also computed (Appendix IX). 
3.10 Talchlr Diamictites 
Inasmuch as the Talchir diamictites in the study area are hard and dense 
and contain large and small clasts in variable abundance, the conventional 
method of sieving was not found suitable for undertaking complete size 
analysis including both embedded clasts and matrix. Alternatively a 
convenient and simplified method of "point counting" (Casshyap, 1969, 
p.15) was followed. Using the original Wentworth grade scale (multiple 
of 2 and J^), size analysis of embedded clasts was performed at a 
representative outcrop in an area of 4 sq m, and that of particles of the 
matrix petrographically from thin section out of a sepeciraen taken from 
l;K 
the same outcrop. The integrated resu l t s of s ize analyses r e su l t s for 
coarse and finer fractions for three samples taken from diaraictite 
Unit A (1 ) , B (1) and C (1) are included In Appendix X, and graphically 
plotted as histograms (Fig. 23) . Additionally, two samples of diamicti te 
matrix both amenable to complete disaggregation, were subjected to sieve 
s ize analysis following the method stated e a r l i e r , and the resu l t s are 
recorded in Appendix VII. Doubtless the grain size d is t r ibut ion of 
the three samples of Talchir diaraictites (Units A, B and C), based on 
point counting, is uniquely polyraodal in character , a feature manifested 
by respective histograms in Fig. 23. Although the d e t r i t a l const i tuents 
vary in size from 1026 mm down to finer than 0.0625 mm, the pr incipal 
mode l ies in the fine sand fraction (0.25 to 0.125 ram) and const i tu tes 
15 to 22 per cent of the bulk, and the secondary mode appears in the 
coarse sand fraction (1.0 to 0.5 mm) averaging 12 per cent of the to ta l 
sample. Another secondary mode develops in the coarse fraction in 
16-32 mm, or in the next coarser c l a s s . Locally the largest embedded 
boulder may exceed a meter in dimension so tha t the difference between 
the largest and smallest consti tuents of the diamicti te may well be more 
than a million times. The dominant mode shown in the class finer than 
0.0625 mm is more apparent than real caused by lumping of data for 
successively finer sediment f rac t ions . As is evident from the histograms 
of the three diamictite units (Fig. 23) there is hardly any textura l 
difference between them. 
Two samples of diamicti te matrix, subjected to sieve size analys is , were 
30 r 
20 h 
10 h 
^ 0 
c 
u 30 
0. 
>» 
o 20 
10 1-
ft) 
N 
._ 0 
lA 
30 
20 
10 
Oiamictite Unit C 
Oiamictlte Unit B 
nm 
Diomictite Unit A 
\Q26 256 t20 64 32 16 0 4 2 I .5 .25 .125 .0625 <.0625 
Particle size (mm ) 
Fig.23 Histograms showing size distribution for the diamictite units 
of thff Tnlchir formation 
IJ r 
those taken from the partially stratified lower part of the middle 
diamictite (l^it B ) . Corresponding cumulative percentage (by weight) 
for each size class is plotted on log probability paper (Fig. 24). 
Except for a minor truncation caused by coarser fraction, the bulk of 
the sediment exhibits a near straight line approaching the shape of a 
symmetrical curve. Apparently the diamictite matrix is predominently 
sandy and coarse to medium grained with meftn size varying from -0.15 to 
-0.34, and poorly sorted (aj- = 1.2^ to 2.0 0 ) . 
To sum up, the bulk of the Talchir diamictites, including Units A, B 
and C are by all means poorly sorted, and their matrix is predominently 
fine sandy to silty, and, hence, texturally immature, using the nomencla-
ture proposed by Folk (1951). The only exceotion Is perhaps the 
partially stratified lower half of the middle diamictite (Unit B ) . 
Although poorly sorted, the matrix is largely of coarse to medium 
sand grade. 
3.20 Conglomeratic rocks of the Transitional zone (Unit D) 
Of the two samples used for examining the grain size characters of 
conglomeratic sequence of transitional zone (Unit D), one was taken 
from the conglomeratic sandstone and the other from the succeeding 
sandstone unit. Since it was easier to disaggregate the samples, grain 
size analysis was carried out by following the standard method of 
sieving. The results are tabulated in Appendix VII and plotted as 
cumulative probability curves in Fig. 25. Table 11 records the weight 
percentage of sediment populations, corresponding particle diameter for 
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inflection points between lines of each sediment population from 
cumulative log probability plots, and the angle which a cumulative plot 
makes with the horizontal. 
In the conglomeratic sample the grain size distribution exhibits three 
sediment populations (loads) recognised on the basis of inflection 
points. First inflection point between traction and saltation loads 
(coarser inflection point) occurs in coarse sand grade (0.59 nan) and 
the second between saltation and suspension (finer inflection point) 
in the fine sand grade (0.210 mm). "Hie bulk of the sediment load 
consists of traction (72 per cent) whereas saltation (24.5 per cent) 
and suspension (3 per cent) loads are in subordinate amount (Table li ). 
Since, the sediment sorting is directly proportional to the steepness 
of log probability plot (Folk, 1961, p. 40) arbitrary angular limits of 
steepness were taken to evaluate for well sorted (greater than 70 ) 
fraction, moderately well sorted (70 -60°) fraction, moderately sorted 
(60 -50 ) and poorly sorted (less than 50 ) fraction. The above angular 
values are more or less similar to those given by Visher (196^) on the 
basis of similar probability plots. Of the three sediment loads in the 
given sample saltation population is moderately sorted (inclination 53 ) 
whereas traction and suspension loads are poorly sorted (inclination 38 ) 
(Fig. 25). This rock type is essentially medium to fine pebbly, very 
coarse (M^ ^ = -0.43 0) and poorly sorted (Or = 2.0 0) sandstone. 
In the succeeding sandstone both coarser and finer inflection points 
occur more or less in the same size range (Fig. 25 ) as those for the 
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conglomeratic sandstone. However, as opposed to the latter, the bulk 
of the sediment load in this sandstone consists of saltation population 
(90 per cent), which in turn exhibits a relatively steeper probability 
plot and hence better sorting as compared to traction and suspension 
populations (Table 11). Computed value of graphic mean lies in the 
fine sand grade (M_ = + 1.87 0) and that of standard deviation (sorting) 
z 
in the moderately sorted range (<^ = 0.74 0 ) . 
Clasts in the conglomeratic sandstone are subrounded to subangular 
whereas the bulk of the sand-sized particles in both the conglomeratic 
sandstone and the succeeding sandstone are subangular. Residual silt 
and clay is slightly less than 5 per cent in either case. Sorting is 
poor in the conglomeratic sandstone and moderate in the succeeding 
sandstone indicating that texturally the former is slightly immature 
and the latter submature. 
3.30 Talchir Sandstone 
Results of sieve size analysis for eight samples of Talchir sandstone 
•re recorded elsewhere (Appendix VTT), and cumulative weight percentage 
for a set of three random samples are plotted graphically in Fig. 26. 
Although three sediment populations - traction, saltation and suspension 
are conspicuous in each sample, saltation load consists of two sub-
populations, called herein as saltation A and saltation B, a phenomenon 
also recognised by other workers (Moss, 1963; Visher, 1969) elsewhere. 
In each case, saltation population constitutes the bulk of the sample 
ranging from 75 to 90 per cent by weight (Table 11) and traction and 
u: 
and suspension fractions are subordinate (.06 to .7 per cent and 3 to 
23 per cent respect ively) . The inflection points range between pa r t i c l e 
diameter 3.0 to 1.5 nim (-1.5 to -0 .5 0) at the coarser end between 
t rac t ion and sa l ta t ion A, and 0.27 to 0.135 mm at the finer end between 
sa l t a t ion B and suspension, and around 0.38 mm between sa l t a t ion A and B. 
Among the sediment populations of Talchir sandstone samples, sa l t a t ion 
population for which the probabil i ty plots show an incl inat ion of 
67 to 76 is apparently moderately well- to well-sorted and the t rac t ion 
and suspension load for which the corresponding plots are gently 
inclined (35 ; 40 ) is poorly sor ted . 
However, considering the sample as a whole, the Talchir sandstone is 
commonly fine to medium grained with mean s ize (M ) varying from + 1.25 
z 
to + 2.27 0, moderately sorted to well sorted (Gjp = 0.42 to 0.78 0 ) , 
finely to coarse skewed (SKj + 0.145 to -0 .19) , and generally meso- to 
lepto-kurt ic (KG = 1.06 to 1.44) implying that the central population 
(sal ta t ion)of the to ta l sample departs s l igh t ly from the log-normal 
d i s t r ibu t ion . 
The bulk of the sediment pa r t i c les is moderately to well sorted with less 
than 5 per cent clay; on examination under binocular microscope the 
sand par t ic les are subangular to subrounded indicat ing thereby that the 
Talchir sandstones on the average may be regarded as textura l ly 
submature. 
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3.40 Barakar Sandstone 
Results of grain size distribution for a set of 13 samples out of 17 
are plotted as probability curves in Fig. 27. 
Broadly three types of grain size distributions have been recognised in 
Barakar sandstones on the basis of log probability plots: 
Type 1 : those in which probability plot exhibit one Inflection point 
between saltation and suspension loads (Fig. 27A), ranging between 0.55 
and 0.32 wm (0.8 and 1.65 0); 
Type 2 i those in which log probability plots show two inflection points, 
one at the coarser and between traction end saltation loads and ranges 
between 2.09 and 1.25 tm (-1.05 and -0.35 0), and the other at the finer 
end between saltation and suspension loads and varies from 0.177 to 
.125 mn (+ 2.5 to + 3.0 0) (Fig. 27 B and C); 
Type 3 : those characterised by two sub-populations of saltation load, 
A and B, and show a total of three inflection points; the inflection 
point between traction and saltation A varies from 2,65 to 1,0 mm 
(-1.35 to 0.0 0), between saltation A and B from 0.78 to 0.35 mm (+ 0.41 
to + 1.5 0), and between saltation B and suspension load from 0.27 to 
.081 ram (+ 1.90 to + 3.6 0) (Fig. 27D). It may be added that the grain 
size distribution of Talchtr sandstones, described earlier, showing 
three inflection points, is similar to that of Type 3 sandstones referred 
to above. Table 12 records broad lithologic units of each formation 
which exhibit one or the other type of grain size distribution out of the 
three recognised herein. In each of the three types of plots, saltation 
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population constitutes about 50 to 90 per cent of the total sample, 
whereas traction and suspension loads individually carry less than 1 to 
10 per cent and 12 to 20 per cent respectively of the total sample load 
(Table 11). Inclination values listed in Table 11 indicate that sorting 
in the saltation population is fair to good (average inclination 64 ), 
but that of traction (average inclination 44 ) and suspension (average 
inclination 36 ) loads is relatively poor. 
Considering the sample as a whole, the Barakar sandstone is on the average 
medium to coarse grained with mean size varying from + 0.37 to + 0,70 0, by 
and large poorly sorted (CJp = 1.03 to 1.53 0) with fine admixture exceeding 
the coarser (SKj = + 0.133 to + 0.40), and commonly leptokurtic (Kg = 1.12 
to 1.5) to raesokurtic (Kp = 1.03 to 1.08); the latter implies that the 
central portion of the sediment is relatively better sorted. 
On examination under binocular microscope the sediment particles are 
generally subangular and less commonly angular. Clay fraction does not 
increase beyond 5 per cent and the overall sorting in sandstones is poor 
indicating that on the average Barakar sandstones are submature to slightly 
immagure. 
3.50 Motur Sandstone 
Thirty three samples were analysed for grain size distribution and cumulative 
results of 26 are, plotted in Fig. 28. 
The Motur'sandstones exhibit three types of grain size distribution similar 
to those recorded for the Barakar sandstone, and as such, texturally, may 
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include Type I, Type 2 and Type 3 sandstones. The first Type is more 
common in UnU B and the latter two types the sandstones of Unit A 
(Table 12). The range of corresponding particle diameter for inflection 
points between traction and saltation and saltation and suspension is 
more or less the same as that of the Barakar sandstones (Table 11), but 
the percentage of material carried in traction and saltation populations 
in the Motur sandstone is exceedingly variable. The amount of traction 
load in Motur sandstone varies from less than 10 per cent to as high as 
62 per cent (by weight), the saltation load shows a corresponding 
variation from 50 to 90 per cent (by weight); the suspension load is 
always subordinate (Table 11). As is evident from inclination values 
(Table 11) saltation population is apparently better sorted than traction 
and suspension loads. 
Considering the sample as a whole, the Hotur sandstone is medium to 
coarse grained and often pebbly with mean size (M ) varying from 
Mj^  = -.0.55 to + 1.39 0 moderately to poorly sorted ( cj = o.77 to 0.97 0), 
generally strongly fine skewed to fine skewed (SKj = + .17 to + .61) and 
very leptokurtic to mesokurtic (Kg = 0.90 to 2.3). The bulk of the sand 
particles are subangular whereas some are angular. Clay fraction does 
not increase beyond 5 per cent. Sorting is moderate to poor indicating 
that on the average Motur sandstones are texturally submature to slightly 
immature. 
Apart from some similarities in the grain size characters of the Barakar 
and Motur sandstones, there are some marked textural differences between 
1 o* . 
the two as elaborated in the following section. 
4.0 SYNTHESIS OF GRAIN SIZE CHARACTERS OF SANDSTONES 
Sandstone of Type 1 and 2 are restricted to Barakar and Motur formations, 
but those of Type 3 occur in all the three formations including Talchir. 
In order to decipher differences, if any, between the processes which 
operated during the deposition of Talchir, Barakar and Hotur sandstones, 
appropriate grain size parameters were plotted separately for the three 
types of sandstones (Type 1, 2 and 3) as follows: (1) particle diameter 
referring to inflection points plotted against corresponding cumulative 
percentages; (2) angular slope of the probability plot representing 
saltation population and (3) inclusive graphic standard deviation plotted 
against skewness. 
For Type 1 sandstone of Barakar formation, showing one inflection point 
between saltation and suspension load, corresponding particle diameter 
is distributed within a small range of nearly medium sand grade (.59 to 
.32 ran) (Fig. 29A); however, this range widens for Type 1 sandstones 
of Motur formation, with corresponding particles diameter varying from 
coarse to medium sand (.90 to .21 ram). As is evident from the figure 
cumulative percentage corresponding to each inflection point commonly 
ranges between 77 and 85 per cent. 
Type 2 sandstones, recognised in the Barakar and Motur formations, exhibit 
a pattern more or less similar to that ot Type 1 sandstones, in that 
separate zones are well marked for inflection points at the coarser and 
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finer ends (Fig. 29B). For the coarse inflection point for Barakar 
sandstone, corresponding particle diameter varies within very coarse-
to coarse sand range (2.1 to 0.9 mm) and the finer inflection point 
corresponds to medium to coarse sand range (0.85 to 0.135 mm). However, 
for Hotur sandstones, the range slightly widens for coarser inflection 
points from fine pebbly to coarse sand (2.70 to 0.65 nmi), but is about 
the same as that of Barakar for the finer inflection point. Distinctively, 
Hotur sandstones of Type 2 exhibit a wide variation in respect of traction 
load and broadly two subtypes can be recognised on the basis of the 
amount of traction load: One, in which the load is less than 15 per cent 
of the total rock; second, those in which traction load exceeds 15 
per cent and locally is as high as 62 per cent. 
Type 3 sandstones, which also include those of Talchir formation, represent 
textural differences among sediment loads in about the same manner as 
exhibited by Type 1 and Type 2 sandstones of Barakar and Motur (Fig.29C). 
Thus, particular diameter corresponding the coarser inflection point 
between traction and saltation A, are distributed in a narrow range 
between very fine pebble and coarse sand (3.0 and 0.88 ram) in the case 
of Talchir sandstone, very coarse and coarse sand grade (around 1.10 rare) 
in Barakar, and very coarse and medium sand grade (1.10 and 0.25 mm) in 
Motur sandstones (Fig.29\C). Cumulative percentage corresponding to the 
coarser inflection points implying traction load, is low (up to 8 per cent) 
for Talchir and Barakar but variable from less than 1 to about 65 per cent 
for Motur formation. The finer inflection points between suspension and 
I JC 
saltation B, for sandstones of all the three formations are conspicuous 
by a restricted size range generally confined to finer sand grade (0.25 
to 0.088 mm). As stated earlier and evident from Fig. 29, the finer 
Inflection point is distributed in a wider size range for Type 1 and 
Type 2 sandstones. The third inflection point in Type 3 sandstones, 
between saltation A and B subpopulations, is mostly limited to coarse 
to medium sand size (0.75 to 0.25 mm). 
Although saltation load is persistently dominant in the three sandstone 
types, inclination values of the corresponding cumulative plots, and, 
hence the sorting of saltation fraction, is not about the same as shown 
in Table 11 and summarised in histogram (Fig. 30). In the Barakar 
formation the saltation plots for Types 1, 2 and 3 sandstones are mostly 
inclined at an angle greater than 60 , implying that the sorting of this 
dominant fraction is apparently moderately well to well sorted. However, 
in the Motur formation, the corresponding inclination values of saltation 
plot are exceedingly variable from 33 to 74 in all the three sandstone 
types. Incidently, samples showing relatively poorly sorted saltation 
load (inclination less than 50 ) appear to be generally those in which 
the traction load constitutes a substantial fraction, exceeding 40 per 
cent or so. Unlike the saltation load of Barakar and Motur sandstones, 
that of Talchir sandstones is moderately well to well sorted (inclination 
varies from 67 to 76 ). 
Following Freidraan (1962, p.751), graphic standard deviation (sorting) 
of the total sample was plotted agaisst graphic skewness (SKg) for all 
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the sandstone types distinguished texturally in the Talchir, Barakar 
and Motur formations (Fig.31). The values mostly lie between 0.7 and 
1.5 d for standard deviation and -0.5 and + 0.5 for skewness. In a zone, 
which incidently coincides with that attributed to "river sands" by 
Freidman (loc cit., fig. 10). However, a ^tw 'o plots for Talchir sandstone 
11 erf In the area of"beach sand". 
5.0 GENETIC IMPLICATION OF GRAIN SIZE DISTRIBUTION 
Several workers In the last decade have emphasised that the random removal 
of fragments from the source area to the depositlonal site follows a log 
normal distribution (GiJl^ert, 1914; Spencer, 1963; Moss, 1963; Rogers 
et al., 1963; Vlsher, 1969; Sengupta, 19701. The resulting deposit, 
however, is a mixture of three or less than three log normal populations 
produced mainly by three modes of transport namely, traction, saltation 
and suspension. The intermixing of these processes yields, sediments of" 
variable particle size, a phenomenon represented by varying shapes of 
grain size probability plots. Hence, the position of truncation (Inflection) 
of probability plots, sorting and mean size of sediment populations and 
of the bulk sample help in understanding the nature of the depositlonal 
processes (Moss, 1962, 1963; Vlsher, 1969). 
Sandstones of the Talchir, Barakar and Motur formations most of which are 
cross-bedded, exhibit up to three types of grain size distributions 
(Talchir: Types 2 and 3; Barakar and Motur: Types 1, 2 and 3) referred to 
earlier, implying (1) that these sandstones were deposited by a flow system 
predominantly of turbulent current; (2) that these were deposited by 
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processes which had variable flow and energy conditions. Furthermore, 
the grain size distribution furnishes information about the minimum 
size limits of the clastic material derived from the source area during 
their deposition. 
Type 1 sandstones of the Barakar and Motur formations commonly constituting 
coarse to medium sandstone, are characterised by only one inflection point 
between predominant saltation load (about 80.0 per cent), ranging in size 
between 0.80 and 0.210 mm, and finer suspension load (20.0 per cent). This 
type of distribution may imply deposition by a system of turbulent "continuous 
current" (Visher, 1969, p. 1078). However, for Barakar sandstones of this 
type saltation load commonly exhibits a steeper probability plot (65 to 72 ) 
and includes 6 to 8 size classes of 4/T Wentworth scale (Fig. 27A), 
and the inflection point is distributed within a narrow size range (from 
0.59 to 0.32 mm). The above textural characters may imply that the combined 
hydraulic factors (discharge, depth, velocity and density) attending the 
depositing current system were consistently more or less alike (Moss, 1963; 
Visher, 1969) during the deposition of Barakar sandstone of Type 1. This 
may also explain the better sorting of the saltation load and its general 
uniformity (Fig. 30). Inasmuch as the Type 1 sandstones of the Motur 
formation exhibit a wider range of the inflection point (0.80 to 0.210 ram), 
it may follow that for sample to sample, and hence, for corresponding 
sandstone units, the hydraulic regimen of depositing currents tended to 
vary in competency. Rightly so, then, there is a considerable sample to 
sample variation in sorting of the saltation load as is evident by the 
variable steepness (42 to 66 ) of corresponding probability plots (Fig. 3 0 ) . 
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Type 2 sandstones recognised in the Barakar, Motur and conglomeratic 
sandstone of the Talchir formation contain, addi t ional ly , coarser sediment 
fraction as t rac t ion load with the resul t that in the probabil i ty plots 
of grain size dis t r ibut ion a second inflection point develops at the 
coarser end. In the type 2 sandstones of Barakar the low proportion (about 
10.0 per cent) of t rac t ion load, varying in s ize from 2.1 to 1.1 mm, and 
the narrow dis t r ibut ion of corresponding inflect ion point (2 .1 to 0.9 mm) 
may imply that e i ther the coarser sediment fraction ( t rac t ion) was not 
present in the source area in a sui table amount, or the potency of current 
system was not sufficient enough to transport from the source area material 
larger than the size of available t ract ion load (Moss, 1963; Spencer, 
1963; Krurabein and Sloss, 1963; Visher, 19(f)). However, a wider range of 
d i s t r ibu t ion of finer inflection point (0.59 to 0.135 mm) between sa l ta t ion 
and suspension load, may possibly cal l for a sample to sample variation 
in the intensity of flow. Type 2 sandstones of the Motur is t e x t u r a l l y 
more variable and has been different ia ted on the basis of t rac t ion load 
into Subtype 1 (Fig. 29B) and Subtype 2 (Fig.29B ) , 
Subtype 1 sandstone, which normally contains about 15 per cent t ract ion 
load or less may indicate conditions of deposition more or less similar to 
those of Type 2 sandstone of Barakar. However, Subtype 2 sandstone of 
the Motur formation, characterised by a substant ial quantity of t ract ion 
load ( ^ 15.0 per cent ) , commonly varying in size from 10 to 0.65 mm, may 
indicate (1) that the coarse de t r i tus in the source area was periodical ly 
available for transportat ion on to the depositional s i t e ; (2) that the high 
10:, 
energy conditions capable of transporting the coarse fraction from the 
source area to the depositional s i t e periodical ly developed. 
Two sa l ta t ion sub-populations A and B characterise the Type 3 sandstones of 
Talchir , Barakar and Motur (Fig. 29C )• Visher, (1969, p . 1080) a t t r ibu ted 
two subpopulatlons of sa l t a t ion load, recognised in beach foreshore 
deposi ts , to swash and backwash. However, theore t ica l ly two sa l ta t ion 
sub-populations may well develop in deposits of other subaqueous environments, 
and Moss (1963, p . 312, 313) has recorded these in sandy river gravels . 
Indeed in the f luvial regimen, i t is not unlikely that owing to higher 
boyancy during highly turbulent phase of flow and (or) when i t is loaded 
with greater sediment and has a higher density, as during floods, part of the 
sa l t a t ion load was uplifted temporarily into suspension to i n f i l t r a t e 
subsequently into pore spaces of sa l ta t ion load (sub-population A) during 
a deccelerating phase (Moss, 1962, p . 312; Krurabein and Sloss, 1963, p . 20"!). 
However, sample to sample variat ion of textural parameters, referred to 
above, suggests that attending hydraulic and fldw conditions of the depositing 
currents were not precisely a l i ke . In the three types of sandstones of the 
study area, the suspension load occurs in variable quantity seldom exceeding 
25.0 per cent, and by and large varies in size from fine sand to coarse s i l t 
and finer d e t r i t u s . As is well known the s e t t l i n g of fine to very fine 
c l a s t i c suspension load down into the available pore spaces of bed load 
is prort^ted during the last phases of deposition when the intensi ty and 
turbulence of flow is suff icient ly reduced. Fine c l a s t i c suspension load 
is r e la t ive ly more common in Motur sandstones both in pore spaces and 
1 li* 
as well developed units of clay/mudstone. The quantity of fine clastic 
(suspension) load that may occur in the interspaces of sand and sandstones 
or form interbeds of clay and shale would depend upon, besides the 
attending hydraulic conditions, the overall availability of fine detritus, 
as also on the sinuosity of depositing channel (Schumra, 1963, p. 1091; 
Allen, 1965b, p. 165). 
CHAPTER V 
HEAVY MINERALS 
Of the several heavy mineral studies of Lower Gondwana rocks made thus 
far, most are concerned with the Daraodar and Godavri valley coalfields 
of West Bengal, Bihar and Andhra Pradesh (Roy and Sharma, 1936; Rao, 
1953; Rao, 1956; Srivastava, 1961; Ganguli, 1959; De, 1960; Kar et al., 
1963, 1964; Israili, 1967; Qiosh and Basu, 1967; Rizvi, 1970). The 
Gondwana rocks of the Satpura basin had barely been examined from this 
point of view until recently when Shukla and Rai (1970) studied briefly 
the heavy minerals of Kanhan Valley coalfield which is a westerly 
extension of the Pench Valley coalfield. 
Heavy mineral analysis in the study area has been undertaken to achieve 
the following objects: (i) to study the heavy mineral distribution in 
Talchir, Barakar and Motur formations; (il) to decipher the composition 
of provenance for the Lower Gondwana sediments; (iii) to evaluate 
related aspects of sedimentary processes. The study is based on a 
treatment of 67 random samples of diamictites and sandstones taken from 
the lower, middle and upper parts of each formation. The break-up of the 
samples for each formation is as follows: 
16'' 
1 0 : 
Formation Lower 
Motur 6 (Unit A) 
Barakar 3 
Talchir sandstone 2 
Talchir diamictite 2 
Middle 
19 (Unit A) 
6 
1 
2 
_ypp£i_ 
6 (Dnit B) 
8 
9 
3 
Total 
Tot?il 
31 
17 
12 
7 
67 
1.0 LABORATORY TECHNIQOE 
Much of the Lower Gondwana sandstones of Pench Valley coalfield, particularly 
those of Barakar and Motur,are soft and occasionally friable. Such samples 
offered little problem in disaggregation; and to complete the process a 
rubber stopper was used and the disaggregated material rubbed gently to 
avoid mineral breaking. However, hard and compact samples of the matrix 
of Talchir diamictite, which resisted ordinary methods of diaggregation 
(Krurabein and Pettijohn, 1938, p.47),had to be crushed gently in a mortar 
(Folk, 1961, p. 26). The disaggregated as well as the crushed material 
was then sieved, and the fraction finer than the modal diameter in the 
former case (Bittenhouse, 1943) and that caught on A S T M Mesh No. 70 
(aperature cross section 0.210 mm) in the latter was used for appropriate 
processing. "Hie choice of the Mesh No. 70 in the case of crushed material 
was favoured because on several trial separations the appropriate fractions 
yielded heavies which retained,in most cases, their original form and 
size. Preliminary separation of heavy minerals from a few samples and 
their examination under the microscope revealed a coating of iron oxide 
around most of the grains. The desired sieved fraction was, therefore. 
I'jr 
t rea ted with HCL (10 per cent) and heated gently for a short while to 
remove the iron oxide film. In th is orocess, some of the heavy minerals, 
such as apa t i t e , if present, may have been leached out pa r t i a l ly or 
completely (Krumbein and Pett i john, 1938; Hubert, i960, p . 188; Stanley, 
1965, p . 28) but this treatment was unavoidable in view of the opacity 
caused by the iron oxide film. About 6 gra of the cleaned sample was then 
taken, and using broraoforra (Sp. gr . 2 .85) , heavy minerals were separated 
following the centrifuge method described by Griffiths (1967, p . 208). 
Mounted grains were examined with the help of a petrological microscope, 
and to study the heavy mineral frequency d i s t r ibu t ions , some 250 to 350 
grains , including opaques, were counted in each s l ide following the 
' f i e ld counting' method of Hubert (1960, p . 188). 
2.0 RESULTS 
Average weight percentages of heavy minerals on the basis of sample results 
for Talchir, Barakar and Motur formations is shown in Appendix XT. In the 
Talchir formation the amount of heavy minerals vary from 0.84 to 34.5 per 
cent by weight although more characteristically the range is between 2.0 
to 6.1 per cent only. In general, the matrix of the three diamictite units 
contains a higher percentage of heavies (6 to 8 per cent) than the inter-
bedded sandstones (1 to 4 per cent). In some samoles of sandstone in the 
conglomeratic transitional zone (Onit D) of Upper Talchir the amount of 
heavies increases to about 34.5 per cent. In contrast to Talchir, the 
amount of total heavies is exceedingly low in the succeeding Barakar and 
Motur sandstones ranging on the whole from .07 to 4.6 per cent (average 
1 > »1 'J 
.90 per cent) and .08 to 3.9 per cent (average 1.4 per cen t ) , respect ively . 
Exceptionally, in one spot sample of coarse sandstone in Unit B of the 
Motur formation heavy minerals are as high as 13.2 per cent . By and 
large i t appears that in a l l the formations the heavy mineral crop is 
higher in sandstones which are coarse grained or conglomeratic, and 
re la t ive ly low in those which are medium to fine grained. 
3.0 GRAPHIC REPRESENTATION AND RESULTS 
The heavy mineral grains in each s l ide were counted and the percentage 
(by number) of opaques and non-opaque species was computed (Appendix XI). 
F ig . 32 i l l u s t r a t e s t o t a l percentage of opaques and non-opaques, separately 
for Talchir , Barakar and Motur formations. Opaque minerals r eg i s t e r a 
general increase from Talchir (average 6 per cent) through Barakar (average 
21.2 per cent) to Motur (average 32.2 per cen t ) , and i t s proportion ranges 
as high as 22.1 to 35.8 per cent in parts of lower Motur (Unit A). Non 
opaque minerals, co l lec t ive ly , exhibit a reverse trend comprising on the 
average 94.6 per cent in Talchir , 78.4 per cent in Barakar and 66.2 per cent 
In Motur. 
Although, compositionally a l l the three formations are characterised by 
about the same sui te of heavy mineral species , they seem to differ in 
regard to the proportion in which certain non-opaque species occur. The 
r e l a t i ve variation in percentage of heavy mineral species becomes well 
marked when plotted as bar diagrams on a probabil i ty paper for the lower, 
middle and upper parts separately for each formation (Fig. 33) . Non-opaque 
heavy mineral species common to the three formations are garnet, rauscovite. 
11^  ^ J ^ 
99.9 
JQ 
O 
O 
c 
u 
99 
95 
90 
il 80 
o 
u 
60 
50 
AO 
30 
20 h 
u 
S 10 
3 
CT 
6) 
5.0 
1.0 h 
.10 
.01 
NON— OPAQUES 
OPA QUE S 
M 
T A L C H IR 
U I L M 
I 
BARAKAR 
U r L M 
M OTU R 
U 
Fig. 32 Relative distribution of total opaqu« and non opoque heavy minerals 
in the lower,middle and upper parts of each formation 
l oT 
tourmaline, zircon, rutile, staurolite, topaz and titanite. Of these, 
garnet, muscovite and saturolite are particularly noteworthy in that 
they exhibit a systematic variation in frequency from Talchir to Motur 
(Fig. 33). Garnet forms the bulk of the heavies in the lower (84.6 per 
cent), middle (83.5 per cent ) and upper parts (77.8 per cent) of the 
Talchir formation. However, its proportion raoidly declines from 77.8 
per cent in upper Talchir to 36.1 per cent in the succeeding lower Barakar 
and in the units above so much so that it constitutes only 8 to 12 per cent 
of the heavies in the middle and upper Motur, respectively. Muscovite 
follows more or less a reverse trend in that it makes up a very small 
proportion in Talchir (less than 8.0 per cent), rapidly increases in Barakar 
(38.0 to 42.0 per cent) but tends to decreases in Motur (22.0 to 34.0 per 
cent). Staurolite is present nearly in traces in the '''alchir and Barakar 
formations but in the Motur formation it appears in appreciable proportion 
and its percentage gradually increases from 4.5 to 21.0 in the upper part 
(Fig. 33). Among the heavy minerals which constitute the subordinate 
fraction (comprising 5.0 to less than 1.0 per cent; Table 13), zircon 
and tourmaline are relatively more common in all the three formations. 
The two minerals show a general increase from lower Talchir upward to 
Barakar and Motur formations (Fig. 33); however, locally zircon approaches 
8.5 per cent in the lower part of Motur. The occurrence of epidote is 
restricted to Talchir (1.8 to 2.8 per cent) and lower part of Barakar 
(0.78 per cent). This mineral seldom occurs in the middle and upper parts 
of Barakar. However, it reappears in traces in all the three parts of the 
succeeding Motur formation. Rutile, titanite, topaz and spinel constitute a 
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very small proportion of the total heavies in each formation making up 
on the average 0.5 to 0.8 per cent (by number). 
4.0 MINERALOGY 
Plate /3 illustrates some typical assemblages of heavy mineral suite 
from Talchir, Barakar and Motur formations. 
Garnet in all the three formations occurs in three varieties. The most 
abundant and commonly occurring type is the pink variety (? grossular) 
followed by colourless and dark brown varietiesC? andradite). Inclusions 
of zircon, apatite and biotite are not uncommon in the three varieties. 
Occasionally garnets show a pitted or etched surface. Thin section 
examination of host rocks, particularly those of diamictite matrix and 
sandstones of the Talchir formation, also exhibits garnets with pitted 
or etched surface, implying that this feature is more likely an inherited 
character from the source rocks rather than the effect of HCl (10 per cent) 
used for cleaning the heavies, as referred to earlier. All the varieties 
of garnet show little sign of abrasion, and are often bounded by sharp 
conchoidal fracture surfaces, a few occasional grains are, however, sub-
rounded »•' J ^ 
Muscovite commonly occurs as angular to subangular flakes in all the three 
formations. 
Tourmaline occurs in four varieties based on colour, namely brown, dark 
green, yellow and blue, listed in order of abundance, and is particularly 
common in Barakar and Motur. The brown variety commonly occurs as elongate 
1 . r^  
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prismatic grains exhibiting signs of very little abrasion. A few occasional 
grains of tourmaline are subrounded to rounded. Zircon usually occurs in 
smaller grains as compared to other minerals. It is generally colourless 
in ordinary light and exhibits thick dark borders and one or more fractured 
surfaces. Zircon occurs in a variety of shapes from elongate, elliptical 
to globular. Generally it lacks evidence of sufficient abrasion, and 
occasionally complete crystals are present,' . ''^  
Staurolite, particularly common in the Motur formation, is yellow brown 
in ordinary light and is characterised by marked oleochroism. Most of the 
grains are only partially abraded, and hence angular to subangular. 
Rutile is conspicuous by its reddish brown colour. Tt is subequidtmenstonal 
in form and commonly lacks evidence of abrasion. 
Epidote is represented by a greenish yelloiv variety (? pistacite). The 
grains are generally equidimensional, partially abraded and hence subangular 
to subrounded, and distinctly pleochroic. 
Titanite is usually of a brown variety. Like other detrital heavy minerals 
of these rocks it is subangular to subrounded. 
Spinel is commonly of grass green variety (pleonaste) and is subangular to 
subrounded and isotropic 
Topaz is generally colourless but in a few grains a bluish tinge is observed. 
The grains are equidimensional, free of inclusions and lack signs of abrasion 
(angular to subangular) 
i v r 
Among the opaque minerals ilmenite, magnetite and hematite are common. 
5.0 ZIRCON-TOUHMALINE-RUTILE INDEX 
In order to measure quanti tat ively the maturity of heavy mineral assemblage, 
the Zircon-Tourmaline-Rutile index, proposed by Hubert (i960, p.208) was 
computed. The percentage of zircon, tourmaline and r u t U e computed for 
each s l ide were used for calculat ing the index (Appendix XI ) . Table 13 
records the average ZTR index for Talchir, Barakar and Motur formations. 
The computed ZTR index is variable from sample to sample in the three 
formations. Diaraictites and sandstones of the Talchir formation, including 
conglomeratic sandstone of Unit D, by and large show low values ranging 
from 1.1 to 5.5 per cent. Locally, in a few sandstone samples in the 
upper part of the Talchir formation the ZTR index increases to 36.7 per cent 
(Appendix XI). In the coarse Barakar sandstone occuring jus t near the 
contact with Talchir formation the ZTR index is 0.95 per cent, whereas in 
medium to fine sandstone in lower part of the Barakar formation the values 
are 44 and 45 per cent . Likewise, in the middle and upper Barakar lower 
values of ZTR index are recorded in coarse sandstone (varying from about 
3 to 17 per cent) and hiqh in medium to fine sandstone (in excess of 50 
per cen t ) . The calculated average ZTR index for lower, middle and upper 
parts of the Barakar formation is respectively 30.6, 19.4 and 45.2 per cent . 
Succeeding feldspathic conglomeratic unit occurring at the base of the 
Motur formation shows very low value of ZTR index (0.37 per cen t ) . However, 
in other samples of the lower part of the Motur ZTR varies from 11.1 to 
39.4 per cent; the average being 28 per cent which i s , incidental ly , lower 
than the average recorded for the upper Barakar. Like Barakar, ZTB values 
are low and high, respectively, for coarse (1.23 to 20.2 per cent and 
fine sandstone (34 to 78 per cent) in lower Unit A, averaging 30.7 per cent 
Tn the upper Unit B of the Motur formation, the average ZTR value drops 
down to 21.5 per cent. 
Evidentally, ZTR index is by and large higher in medium to fine sandstone 
and lower in coarser sandstone. Since ZTR is a measure of mineralogical 
maturity (Hubert, 1962) it follows that finer sandstones in the study 
area are relatively more mature than coarser sandstones. Elsewhere a 
similnr opinion has been expressed for the maturity of fine and coarse 
clastic sediments (Pettijohn, 1957a, p. 510). 
The variation in the average values of ZTS for Talchir, Barakar and Motur 
is rather systematic and may calJ for a variable physiographic and tectonic 
setting during the deposition of Lower Gondwana strata. 
CHAPTER VI 
MINERAL COMPOSITION 
The petrography of the Lower Gondwana sedimentary rocks of the Pench 
Valley coalf ield has not been studied so far in any d e t a i l . In the 
neighbouring Kanhan Valley coalf ie ld , however, Shukla (1966) examined 
these rocks briefly from this point of v^ew. The present study aims at 
examining microscopically the mineral composition of dominant rock types 
of the Lower Gondwana formations, namely diamicti tes of the Talchir 
formation and sandstones of Talchir, Barakar and Motur formations. Apart 
from classifying the rock types petrographically, the resul ts of this 
study can be used to decipher the composition of provenance, and to 
understand the nature of tectonic framework in which the rocks were formed. 
1.0 METHODOLOGY 
In view of the overall compositional s imi lar i ty between samples of each 
formation, modal analysis was carried out for 62 samples taken randomly 
from diamicti tes (6) , and sandstones of Talchir (12), Barakar (20)and 
Motur (24) . For the purpose of petrographic description of each rock 
'framework' constituents were distinguished from the finely divided matrix; 
the dividing par t ic le diameter between the two being .031 mm (Schumm,1963). 
The modal analysis was carried out on 'Swift-point counter' counting 200-300 
grains per s l ide (Pett i john, et a l , , 1965, p . 46) and the following 
const i tuents were recorded: 
1 / 
I •; r 
i 
Quartz r e s i s t a t e s (unstrained and strained quartz, composite quartz, 
metasedimentary quartz and chert) feldspars. Labile Rock fragments, 
accessory minerals, d e t r i t a l matrix, and cement. Results of the modal 
analysis are recorded in Appendix XIT. Apart from modal analys is , other 
features such as nature of grain contacts, grain matrix re la t ionship , 
size-roundness relat ionship of d e t r i t a l s and degree of a l t e ra t ion of 
feldspars in the same species as well as in other species were studied. 
Roundness of the d e t r i t a l grains were estimated on rho ij^) scale by 
visual comparison chart developed by Folk (1955). 
2.0 SANDSTONE CLASSIFICATION 
Klein (1963) c r i t i c a l l y reviewed sandstone c lass i f ica t ion proposed in 
North America, and McBride (1963) l i s ted those commonly used depending 
upon the obiect of the study. In sp i te of the i r l imita t ions , c lass i f ica t ions 
of Petti john (1957a) and Folk (1954) are among those widely used. Somehow 
the above c lass i f ica t ions are not ent i rely su i tab le for sandstones which 
are argi l laceous. Recently Dott (1964) j u s t i f i ed the binomial c lass i f ica t ion 
or ig inal ly proposed by Gilbert (1954) for sandstones which are argillaceous 
in character . Under th is scheme, on the basis of amount of matrix, two 
broad categories of sandstone are recognised, (1) "normal" sandstone or 
"a ren i te" containing less than 10.0 per cent primary matrix, and (2) 
"wacke" containing more than 10.0 per cent matrix. Arenites and wackes 
are subdivided on the basis of composition of framework into a limited 
number of sandstone c lasses . The c lass i f ica t ion of "common" sandstone 
proposed by McBride (1963) is elaborate and purposeful, and can be adopted 
i S 
to classify the arenite as well as wackes. A modified sandstone classifi-
cation for argillaceous sandstones used and recommended by Casshyap 
(1969, p.15), is seemingly objective and has been followed in the present 
study (Fig. 34). 
As most of the Loiver Gondwana rocks of the study area contain soft argilla-
ceous rock fragments, it is not improbable that part of the matrix in these 
rocks may be secondary derived by subsequent crushing of rock fragments. 
Accordingly the matrix limit for defining wacke and arenite as suggested 
by Casshyap (loc.cit.) has been arbitrarily placed at 15 per cent instead 
of 10 per cent as recommended originally by Gilbert (1954). 
3.0 TALCHIR DIAMICTITE MATRIX 
The term 'matrix' as used here refers to the dense and indurated sandy-
muddy fraction dispersed in which are large and small clasts. For the petro-
graphic description of the diamictite 'matrix' the finely divided fraction 
(particles less than .031 ram) occurring in the interspaces of the framework 
constituents has been described as binding material. However, in the case 
of sandstone of Talchir and other formations, the finely divided fraction 
has been uniformly described as matrix or cement as the case may be. 
The threa diamictite units (A, B and C) recognised In the study area are 
mostly massive, except the lower and upper part of diamictite Unit B and 
upper part of diamictite Unit C which are partially stratified. 
On the average, matrix of the diamictite units is fine grained, pporly 
sorted, immature and lithic arkosic wacke to feldspathlc lithwacke. The 
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largest, d e t r i t a l qrains to occur are 4.B to 3.6 mm in s i ze . By and large 
the binding material consti tutes 34 to 62 per cent of the rock in which 
d e t r i t a l grains mostly subangular to angular generally float exhibit ing 
a "disrupted" framework (Plate /^ ^ ) . However, in the s t r a t i f i e d 
diamicti te the framework is normal (Plate Ih & ) . 
Quartz Res i s t a t e s . - Among the d e t r i t a l minerals const i tut ing framework, 
quartz is by far the most abundant comprising 25 to 3B per cent of the 
rock. Although the bulk of the sand sized quartz are subangular to very 
angular, there are sporadic quartz grains between 0.5 to 0.2 nmi size which 
show be t te r rounding ij^= 3.0) (Plate IH^ A ) . These rocks include 
both non-undulatory and undulatory quartz, although in most cases the former 
exceeds the l a t t e r . Apart from common mineral inclusions of zircon, 
a p a t i t e and tourmaline, quartz contains acicular inclusions of undifferen-
t i a t ed minerals and vacuoles both of which are randomly sca t te red . Poly-
c rys t a l l i ne quartz (Blatt and Chr i s t i e , 1963, p . 565; ConoUy, 1965, p.117) 
which In these rocks closely resembles " recrys ta l l i sed metaraorphic" and 
"stretched metaraorphic" quartz (Folk, 1961, p . 69) occurs in subordinate 
amount (4 to 5 per cent) as very coarse to coarse (1.36 to 0.88 mm) 
subangular to angular grains . Sand-sized: chert occurs sporadically, 
seldom exceeding 1 per cent. 
Feldspar . - Proportion of feldspars in the diamicti te units seldom exceeds 
25 per cent of the to ta l rock, though commonly i t ranges between 15 and 20 
per cent . On the average feldspars vary in s ize from 0.48 to 0.28 mm, though 
in pebbly coarse sandstone va r i e t i e s , feldspars are as large as 3 cm. 
1 ; '^  ; f y 
EXPLANATION OF PLATE 14 
PETROGRAPHIC CHARACTERS OF TALCHIR DIAMICTITE MATRIX 
A : Disrupted framework which is typical of massive diaraictite. 
The binding material comprises structureless chloritic 
paste. Most detrital grains are subangular to angular; a 
few sporadic quartz are subrounded to rounded. 
Lower diaraictite (Unit A); (X 36) 
B : A normal framework as exhibited by some stratified diamictite. 
Middle diamictite (Unit B); (X 36), 
C : Feldspars irrespectiwe of size are generally subangular to 
subrounded, and fresh to partially altered. A subangular 
rock fragment (1.16 mm) is conspicuous. 
Upper diamictite (Unit C); (X 36). 
D : A large (1.72 mm) subrounded limestone fragment in the 
diamictite matrix. 
Lower diamictite (Unit A); (X 36). 
PLATE 14 
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Irrespect ive of s ize , feldspars are commonly subangular and occasionally 
rounded (Plate /-^C ) . Feldspar with cross-twinning is the most commonly 
occurring variety lind has been identified as microcline; others are (?) 
pe r th l t e and less common are lamellar twinned plagioclase (? a lb i t e -
oligoclase) and orthoclase feldspars. Without regard to size or composition 
feldspars, may be fresh to pa r t i a l ly al tered (Plate ihc ) . 
Labile Rock Fragments . - Sand sized labi le rock fragments are fair ly 
abundant in diamicti te matrix const i tut ing 6 to 14 per cent of the to t a l 
rock and are of igneous, sedimentary and metamorphic or igin. Locally in 
the diamicti te Unit A labi le rock fragments increase to 26 per cent . Amomg 
the commonly accurring and easi ly ident i f iable labi le rock fragments are 
the following in order of abundance: (1) grani te , ( i i ) b i o t i t e grani te , 
( i i i ) b i o t i t e quartz sch i s t ; (4) garnetiferous mica schis t ; ( iv) s e r i c i t e 
phy l l i t e ; (v) calc phy l l l t e ; (vi) s i l ic ious and c rys ta l l ine limestone 
and fragments of sandstone; (v i i ) tremolite sch i s t ; ( v i i i ) graphite 
s c h i s t . 
Sedimentary and metamorphic rock fragments are subrounded to subangular 
(Plate ihO ) whereas granite fragments are subangular to angular (Plate / ^C ), 
Rock fragments generally occur in larger s ize as compared to other d e t r i t a l 
minerals. Igneous rock fragments vary from 2 to 1.02 mm sedimentary from 
2 to 0.88 ram and metamorphic from 1.7 down to .25 mm. 
Binding Material .- The bulk of the binding material is represented by 
i n t e r s t i t i a l matrix which is the d e t r i t a l fraction finer than 0,03 mm 
IS N r\ 
(Hubert, I960) and on the average i t const i tutes 34 to 62 per cent of the 
rock (Appendix XTI). Matrix in the diaraictite units appears as s t ructure less 
chlor i te paste (Plate fH'^ ) . However, opal cement is not uncommon and 
is more probably post-consolidation inasmuch as i t is present along 
i rregular fracture planes occasionally coating the grains and in rocks 
occurring near the Deccan t r aps . 
3.20 Classif icat ion 
The amount of quartz r e s i s t a t e s , feldspars and labi le rock fragments 
cons t i tu t ing framework was recalculated to 100 per cent (Appendix XIII) 
and appropriately plotted in the "standard" t r i ang le (Fig. 35) . Since the 
i n t e r e s t i t i a l matrix exceeds 10 per cent, the rock types under examination 
are a l l wackes. Given below is the summary of rock c l a s s i f i ca t ion . 
Rock types No.of samples 
( Arkosic wacke 1 
( Lithic suborkosic wacke 1 
( Lithic arkosic wacke 3 
( Feldspathic llthwacke 1 
Tota1 6 
Wacke 
4.0 TALCHIR SANDSTONE 
The Talchir sandstone is well developed both in the diaraictite sequence, 
and in the uppermost conglomeratic t rans i t iona l un i t . The former is massive 
to horizontal ly bedded and occasionally cross-bedded to r ipple marked. 
The sandstone of the t r ans i t iona l unit i s , however, profusely cross-bedded. 
The Talchir sandstone associated with diaraicti te is on the average raediura 
to fine grained, moderately to well sorted, submature to raature, and a 
1 
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Fig. 35 Classification of diamictite matrix of Tolch'ir formation 
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arkose to llthic arkose. The largest detrital grains to occur in this 
sandstones vary from 1.5 to 1.0 mm. The sandstone of the upneimost 
conglomeratic transitional zone unit is coarse to medium grained poorly 
to moderately sorted, to occasionally, well sorted (Plate/5"''I"^6) slightly 
immature to submature and commonly subarkosic wacke in which the maximum 
size among detrital particles is in the range of 3.8 to 3.4 mm. 
4,10 Composition 
Quartz Resistates .- Quartz is the dominant detrital mineral of the 
framework although it constitutes no more than 30 to 45 per cent of the 
total rock. This mineral occurs unrestrictedly from pebble size (3.2 mm) 
down to very fine sand (0.0B8 mm) and finer. Roundness of sand grains in 
most cases is apparent owing to corrosion by the carbonate cement. However, 
giving allowance to corrosion, the quartz grains appear to be subangular 
and less commonly angular (Plate ISC ). Although occurring in subordinate 
proportion, rounded and subrounded grains, irrespective of size are not 
uncommon (Plate /S C ). Detrital grains showing straight extinction exceed 
those showing wavy extinction. Polycrystalline quartz persistently occurs 
in low proportion seldom exceeding 1 per cent. In sandstone of the 
conglomeratic transitional zone quartz averages 61 per cent and exhibits 
characters by and large similar to those of the underlying sandstone. 
Commonly quartz grains varying in size from 0.72 to 0.04 ram in conglomeratic 
sandstone variety and 0.43 to .06 mm in the associated coarse to medium 
variety. Except for occasional subrounded grains, the bulk are those. 
Irrespective of size, showing angular to subangular forms (Plate /5 © )• 
1 
EXPLANATION OF PLATE 15 
PETROGRAPHIC CHARACTERS OF TALCHIR SANDSTGNE 
A : Conglomeratic sandstone showing poor sorting. N«te the rounded 
fragment of fine-grained quartzite. 
Conglomeratic sandstone (Unit D); (X 34). 
B : Moderately well sorted sandstone in which bulk of the detrital 
grains quartz, feldspar and supracrustal rock-fragments (phyllite 
and schistose quartzite) are subangular. Some quartz are, however, 
subrounded. 
Sandstone of the conglomeratic Unit D; (X 34). 
C : Quartz grains generally subangular to angular, and less commonly 
subrounded to rounded, are also present. Feldspar grains of 
about the same size as quartz show better rounding. The grains are 
'floating' in carbonate cement which tends to corrode some quartz. 
Medium to fine ssindstone (subunit A^) interbedded with diamictite 
units; (X 35), 
D : Like quartz, coarser grains of feldspar are angular to subangular 
and smaller grains are subrounded to rounded. Some metaraorphic 
rock fragments are also angular. 
Sandstone subunit (Ag); (X 35). 
PLATE 15 1 9 0 
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Polycrystalline quartz which are of a similar nature to that of the under-
lying sandstone unit constitutes on the average 15 to 20 oer cent of the 
rock. Not uncommonly the individual components of polycrystalline quartz 
represent a size range and extinction (straight and wavy) similar to those 
of many medium to fine detrital quartz of the framework. 
Feldspar .- Detrital feldspar is usually next to quartz in abundance 
averaging from 25 to 30 per cent, altogether exceptionally it may be as 
low as 4.0 per cent. Not uncommonly finer grains of feldspar may show 
good rounding whereas coarser grains may be subangudar (Plate 15 O ) , 
Feldspar is largely cross-twinned mlcrocline, laimellar twinned plagioclase 
and perthite of varied size and include both fresh and decomposed variety. 
labile Rock Fragments.- Sand sized labile rock fragments of igneous, 
sedimentary and metamorphic origin are dispersed in the sandstones and 
constitute about 8 to 14 per cent of rock. The most commonly occurring are 
granite followed by metamorphic and sedimentary rock fragments. Among 
the metamorphic and sedimentary rock fragments are: sericite phyllite; 
tremolite schist; biotite quartz schist; crystalline and silicious 
limestone; reworked ;Talchir shales. Metamorphic and sedimentary clasts 
are generally subrounded to slightly subangular in sandstones associated 
with diamictites whereas these are subrounded to rounded in sandstones of 
Unit D (Plate '5A). Igneous, sedimentary and metamorphic rock fragments 
generally vary in size from 0.5 ram down to 0.21 ram in sandstones associated 
with diamictites. However, rock fragments of igneous origin seldom occur 
in smaller sizes. However, in conglomeratic sandstones rock fragments always 
occur in larger sizes and range as follows: Igneous rock fragments: 4.2 
to 0.28 mm; Sedimentary rock fragments: 2.8 to .68 ram; Metaraorphic rock 
fragments 1.7 to .25 ran. 
Cement . - The in te r s t i a l space of the framework components in Talchir 
sandstone is represented mainly by carbonate cement which on the average 
const i tutes about 30 to 35 per cent of the to t a l rock. Carbonate cement 
in most of the cases has corroded both quartz and feldspar (P l a t e /5 'C ) . 
Matrix const i tutes only 4 to 5 per cent of the rock, and is largely a 
mixture of fine s i l t y quartz and finely divided b i t s of s e r i c i t e and 
c h l o r i t e . Unlike the above sandstones, conglomeratic as well as succeeding 
sandstones of Unit D are characterised by matrix which may range from 14 
to 39 per cent. However, occasionally secondary ferruginous cement tends 
to replace the matrix par t ic les around the d e t r i t a l gra ins . 
4.20 Classif icat ion 
The tr iangular diagram in Fig., 36 i l l u s t r a t e s the petrographic c lass i f ica t ion 
of Talchir sandstone and summary is l i s ted below: 
Rock Type No.of samples 
Arkose 3 
Subarkose 2 Arenite 
Wacke Subarkosic wacke 
Lithicarkose 2 
Sublitharenite 1 
Total 12 
5.0 BARAKAR SANDSTONE 
Bulk of the Barakar sandstone is well exposed in between the Talchir and 
Motur formations and comprises mainly coarse to medium sandstone which is 
f ^ 
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profusely coarse-bedded to horizontally bedded and occasionally massive. 
Fine sandstones are always in subordinate proportion and are pa ra l l e l to 
cross-r ipple laminated. 
Coarse to medium sandstone of the Barakar formations is fa i r ly abundant 
in the study area and is by and large moderately to poorly sorted, submature 
to s l ight ly immature, mainly subarkosic to arkosic wacke. The largest 
grain s ize is upto 2.0 mm in very coarse sandstone variety and 0.5 mm in 
medium to fine var ie ty . The framework comprising on the average 78 per cent 
of the rock is variable from 'normal' to pa r t i a l ly disrupted. The d e t r i t a l 
grains in the former show tangential to s t ra ight contact (Plate /fe-A ) . 
The framework i s , however, condensed in rocks occurring near faults or 
with 
in contact/Deccan t r aps . 
5.10 Composition 
Quartz Resistates .- Occurring as a dominant mineral, d e t r i t a l quartz 
const i tu tes 42 to 65 per cent of the rock. Although par t ic le size varies 
from about 2.0 mm down to s i l t s ize ( ^ .0625 mm), majority of the quartz 
grains l i e in coarse sand grade (0.8 to 0.5 mm) in coarse to medium 
sandstone and between 0.31 and 0.20 rm in medium to fine sandstone. There 
is l i t t l e evidence of anamalous relat ionship between s ize and roundness of 
quartz . Although the bulk of the grains are subangular and some are angular 
(Plate l(>A ) , nevertheless there is a l i t t l e admixture of subrounded and 
rounded quartz without regard to size (Plate /6 A ) . Quartz grains from 
coarse through fine size are commonly non-undulatory, other including 
subrounded and rounded quartz are undulatory showing s t r a i n , shalows. 
l . ^ . 
EXPLANATION OF PLATE 16 
PETROGRAPHIC CHARACTERS OF BARAKAR SANDSTONE 
A : Medium sandstone showing normal to partially disrupted framework. 
Bulk of the sand grains are subanqular. A few sporadic subraunded 
quartz are also present. Fresh microcline grains in the l»|3|3c>' 
ti^bi corner. 
Medium sandstone; Barakar formation; (X 33). 
B : Quartz grains in medium to coarse sandstone showing abiTSed 
overgrowth. 
Medium to coars© B»rakar sandstone; (X 34). 
C : Ferthite in medium to coarse sandstone showing turbid appearance. 
Quartz and perthite of the same species are subangular. 
Medium to coarse Barakar sandstone; (X 36). 
D: Chalecedonic and oppaline cement occupying the fracture plains of 
a large (2 mm) feldspar grain and the intergranular spaces. 
Coarse Barakar sandstone; (X 35). 
PI A T E 16 
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Mineral and other inclusions in quartz are more or less the same as in 
the Talchir diamictites and sandstones, and contain both aotomorphic and 
acicular mineral inclusions as well as bubble and vacuoles. There are 
sporadic quartz grain showing abraded overgrowth (Plate /(»8 ) . Proportion 
of polycrystal l ine quartz (11 to 25 per cent ) is s l igh t ly higher in the 
Barakar formation than the Talchir formation. 
Feldspar . - Although feldspar in the Barakar sandstones ranges between 
3 and 27 per cent, commonly i t varies from about 9 to 15 per cent . Maximum 
percentage of feldspars (27 per cent) is presented in coarse to medium 
sandstone of the lower part of the Barakar formation, near the contact 
with the underlying t rans i t ional zone (Unit D) of the Talchir formation. 
Feldspars vary in size from 1.7 ram down to 0.20 ram, more commonly, though, 
they range between 1.0 and 0.4 mm. Among microcline and pe r th i t e , the 
former is generally fresh and the l a t t e r s l igh t ly al tered exhibit ing turbid 
appearance (Plate Id C ) . Both per th i te and microcline commonly represent 
an admixture of angular (J^ = 1.0-2.0) and subangular (/^s 2 .0-3 .0)gra ins . 
Plagioclase feldspars (? a lb i t e -o l igoc lase ) , similar to that reported 
from the underlying rocks of the Talchir formation, occurs in the Barakar 
formation only in the lower par t , and anpears to be almost absent from 
the radddle and upper pa r t s . Locally, feldspar is replaced marginally or 
along cleavage planes by the adjoining matrix. 
Labile Rock Fragments . - Down in the lower part of the Barakar formation, 
the sandstone contains sand sized rock fragments of about the same variety 
(gran i te , limestone, micaceous sch i s t , a r g i l l i t e and phy l l i t e ) and in 
1-Jf 
about the same proportion (about 8 per cent) as recorded in the underlying 
Talchir sandstones. However, higher up in the sequence both percentage 
and variety of rock fragments decreases and constitute about less than 1 
to 5.0 per cent of the total rock. Among the rock fragments, common are 
subangular granite in coarse sand size (0.61 ram) and isolated subangular 
grains of argillite and phyllite. Authigenic kaolin crystals measuring 
up to 0.78 mm are common in Barakar sandstones. 
Matrix .- The interstitial space of detrital constituents in the Barakar 
sandstones represented by matrix and locally by cement and varies from 
30 to 45 per cent. Matrix mainly comprises clayey paste, fine silty quartz 
and sericite. ^ The cement comprising chalcedonic and opaline silica 
(Plate Id O ) is present in rocks which are near fault planes or traps. 
Silica cement in all probability, is secondary inasmuch as it replaces the 
detrital matrix and grains alike along the fracture planes (Plate /6 Z? ). 
5.20 Classification 
Recalculated percentages of quartz reslstate, feldspar and rock fragments 
are given in Appendix XIII and plotted in Fig. 37. The following is the 
sunwary of classification. 
Rock Types No. of samples 
Arenite Suborkose 2 
Wacke 
Subarkosic wacke 9 
Arkosic wacke 5 
Sublithwacke 3 
Lithic arkosic wacke 1 
Total 20 
\jl 
BARAKAR FORMATION 
Quartz resistates 
Feldspar 
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Labile 
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Fig 3 7 Classificution of Borakor format io i 
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6.0 MOTUR SANDSTONES 
Motur formation comprising two-third of the to ta l sedimentary rocks of 
the study area is divided into two un i t s . Besides the dominant clay 
muds tone, the lower Unit A includes interbeds of fine pebbly to coarse 
and medium sandstone which l ike those of Barakar are profusely cross-
bedded. Associated fine sandstone is e i ther para l le l or cross-r ipple 
laminated. The succeeding Unit B largely comprises pebbly coarse to 
medium sandstone and is horizontally bedded to cross-bedded to occasionally 
massive. 
Fine pebbly to coarse sandstone is poorly sorted whereas medium to fine 
sandstone is moderately to poorly sor ted. On the average sandstones of 
both Unit A and B are submature to s l igh t ly immature and mainly subarkosic 
wacke. The largest grain diameter l ies in pebble grade {4.49ram) in fine 
pebbly and coarse sandstone and medium sand grade (0.56 to 0.40 mm) in 
medium to fine sandstone. Matrix makes up on the average 26 per cent in 
coarse and medium to fine sandstone. Not uncommonly de t r i t a l grains 
f loat in the matrix showing disrupted framework. 
6.10 Composition 
Quartz Resistates . - Quartz occurs in variable abundance in the Motur 
sandstone const i tut ing about 53 to 69 per cent in fine pebbly to coarse 
sandstone and 47 to 63 per cent in medium to fine sandstone. Commonly 
quartz vary in size from 1.8 to 1.1 ram in the former, and 0.5 to 0.28 ram 
6) -^  -» 
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in the latter. The bulk of these grains are, however, subangular to 
angular (Plate 17A ) . Not uncommonly individual grnins of quartz exhibit 
a size form closely similar to the individna] grains of polycrystalline 
quartz (Plate lib ). Additionally, however, Motur sandstones like 
Barakar, contain irrespective of size a small admixture of subrounded to 
rounded quartz. 
Unlike the underlying rocks of the Barakar and Talchir formations, poly-
crystalline and strained quartz occur abundantly in the sandstones of 
Motur formation and constitute, respectively 35 to 45 per cent and 6 to 
14 per cent respectively by volume of the total rock. Proportion of poly-
crystalline quartz is higher in fine pebbly to coarse sandstone, a 
phenomenon observed elsewhere by Conolly (1965, p. 123). Hostly polycrysta-
lline quartz resemble 'recrystallised metamorohic' quartz of Folk (1961, 
p.69) others are similar to 'metasedimentary' or stretched metamorphic' 
quartz (Hubert, 1960, p.134; Folk, 1961, p. 69) exhibiting crenulated 
boundaries between each grain. Individual components of polycrystalline 
quartz vary from fine to coarse sand grade (Plate 116 ) and, in the same 
fragment some show smooth extinction and others show strain shadows. It 
may be of interest to note that many of the raonocrystalline detrital 
quartz constituting the framework, in fine through coarse grade, are 
subangular to angular and show either smooth or wavy extinction including 
strain shadows, similar to individual components of polycrystalline quartz. 
Mineral inclusions in detrital quartz are represented by zircon, tourmaline, 
apatite and a few rutlle grains. Randomly oriented vacuoles and hair-like 
9 0" 
EXPLANATION OF PUTE 17 
A : Coarse to medium and fine quartz which are commonly angular 
and subangular and coarse subrounded feldspar (perthite). 
Part of the finer quartz are subrounded. 
Sandstone of lower Unit A; (X 36). 
B : Very coarse subangular polycrystalline quartz individual 
components of which vary from fine to medium sands grade. 
Rock fragments of quartz schist and quartzite. Matrix is 
represented by chlorite, sericite and fine silty quartz. 
Fine pebbly to coarse sandstone of lower Unit A of the Motur 
formation; (X 37). 
C : Coarse to medium and fine quartz, some shewing abraded 
overgrowth. 
Medium to coarse sandstone of lower Unit A of the Motur 
formation; (X 34). 
D : Large and small detrital feldspar some of which are heavily 
weathered. 
Feldspathic conglomeratic sandstone of lower Unit A of the 
Motur formation; (X 38). 
PLATE 17 2 ^ . 
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inclusions are also not uncomTion. A few coarse (0.56 mm) and fine 
(0.25 mm) quartz qrains show possible overgrowth on subrounded, rounded 
and subangular grains and may represent a second cycle quartz (Plate I7C ) 
Feldspar . - As compared to Barakar sandstone, proportion of feldspar 
increases in the Motur sandstone and ranoes by and large between 12 and 
27 per cent . Locally in the lower most nart in feldspathic conglomeratic 
sandstone feldspar increases to 31 per cent and occurs in fragments vary 
in s ize from 5 cm down to 0.25 mm. Tn the succeeding sandstone, however, 
feldspar commonly occurs in coarse to medium sand grade (1.1 to 0.47 mm), 
and is recognisable down to fine sand grade (0.16 mm). Whether of pebble 
grade or sand, feldspars are as a rule subangular to annular (Plate llD ) . 
Locally a few smaller grains may be subrounded. In the Motur sandstone 
feldspar are mainly microcline and pe r th i t e ; the former is fresh whereas 
the l a t t e r is pa r t i a l ly to heavily altered (Plate 17 O ) . Plagioclsse 
(? a lbi te-ol igoclase) feldspar which nearly disappears in the Barakar 
sandstone, as referred to e a r l i e r , reappears in Motur sandstone in a 
subordinate amount (1.6B per cent) Much of the plagioclase is al tered 
similar to that described e a r l i e r . Untwinned orthoclase is apparently less 
common and is pa r t i a l ly a l t e red . 
Labile Rock Fragments .- Sand sized labi le rock fragments on the average 
const i tu te 6 per cent in Unit A and 3 per cent in Unit B of the Motur 
formation. The proportion of rock fragments is as high as 21 per cent in 
feldspathic conglomeratic sandstone forming the lower most part of Unit A, 
and fs largely represented by subangular to angular granite fragments 
Cl, .-X »-
ranging in size from 1.5 t© 0.6 mm. S«me of the softer argillaceous rock 
fragments may have been locally derived from within the basin of deposition. 
Matrix.- Matrix constituting about 26 per cent of the total rock is 
slightly higher than the Barakar sandstones. Generally proportion of matrix 
is higher in sandstones just overlying the clay mudstone. It is mainly 
represented by chlorite, sericite, and fine silty quartz (Plate'78). 
Chalcedonic and opalline cement is present in rocks near fault planes or 
Deccan traps. 
6.20 Classification 
Fig. 38 is a triangular diagram showing recalculated percentages of quartz 
resistate, feldspar and rock fragment. Most rocks are subarkosic wacke 
followed by arkosic wacke and lithic subarkosic wacke.and Given below is a 
summary of rock classification. 
Rock types No. of samples 
Wacke 
Subarkosic wacke 15 
Lithic subarkosic wacke 3 
Arkosic wacke 4 
Lithic arkosic wacke 2 
Total - 24 
7.0 MATORITY INDEX 
Maturity index as proposed by Pettijohn (1957a, p.287) is the mineralogical 
maturity of a sand given by its quartz and chert content in relation to 
unstable minerals and reck fragments, provided the sands have a mixed 
source. Pettijohn (1957a, p.510) suggested the following formula for the 
computation of the maturity index: 
MOTUR FORMATION 
Quar tz reslstotos 
Feldspar 
\ 
\ 
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Fiq 38 Classification of Motur format ion 
.^  T J Quartz + Chert 
Maturity Index = Feldspar + Rock fragments 
Feldspar is perhaps the most important mineral in determining mineralogical 
maturity, nature of rocks, relief and climate. 
The index of mineralogical maturity computed for Talchir, Barakar and 
Motur rocks is recorded in Appendix XII. The value is lowest for the Talchir 
formation (0.8 to 1.41) and highest for the Barakar (average R.5) varying 
from 1.6 to 10.2 in different samples. In the Motur formation although the 
value is variable from 0.61 to 7.7, the average (4.2) is lower than the 
Barakar formation. Thus, whereas the Talchir rocks exhibit a poor minera-
logic maturity, those of the Barakar and Motur represent a detrital mineral 
assemblage of variable maturity, by and large from poor (maturity index less 
than 1) to Moderate (maturity index around 7 ) . The lower maturity index of 
the lower Gondwana sandstones of the study area is indeed of utmost genetic 
significance and may have a bearing not onlj on the composition of the 
provenance but also on the existing relief, climate as also on the degree 
of efficiency of the dispersive and depositional processes. Likewise, the 
mixed assemblage of fresh and altered feldspar, irrespective of size and 
species, is significant and may have bearing on the paleogeography and 
tectonisra. 
CHAPTER VII 
PROVENANCE, 
SEDIMENTATION HISTORY, AND 
TECTONIC AND CLIMATIC CONTROL 
The ultimate aim of the present investigation is to integrate objectively 
the results of sedimentologic study and to decipher systematically the 
events which contributed to or controlled the Lower Gondwana sedimentation 
in the Pench Valley basin, in other words to unfold their sedimentation 
history. Some of the salient features of sedimentation history for which 
a plausible answer is to be sought convincingly are (1) where the sediment 
debris came from ? (2) what kind of rock or rocks provided the debris 
and where were they located? (3) what was the nature of depositions 1 
mechanism which operated during the deposition of the sediments? (4) what 
was the probable nature (regimen) of the depositing currents or the paleo-
geography? And finally (5) to infer the probable tectonic and climatic 
control in the evolution of Lower Gondwana sedimentation. Whereas the 
first problem regarding dispersal of the sediments has been comprehensively 
dealt with earlier (Chapter III) the answers to the rest form the subject 
matter of this chapter. 
1.0 PROVENANCE 
The detrital constituents of sedimentary rocks are excellent indicators of 
the nature of source rocks from which the detritus was derived and, as such, 
(h i\ D 20! 
their study is of paramount iraportanoe in evaluating not only the composition 
of the provenance but also, wherever possible to locate it geographically. 
1.10 Composition of Source Rocks 
Mineralogy of the detrital constituents of the lower Gondwana rocks of 
the study area, including their heavy mineral constituents as well as 
clasts embedded in diamictite units, as summarised in Fig^ 39 f indeed 
call for a provenance of mixed composition comprising acid igneous (granite) 
and related gneissose rocks, basic igneous rocks, and supracrustal meta-
morphic and sedimentary rocks. 
1.11 Igneous and related Gneissose Rocks 
Among the clasts of the Talchir diamictites, those of granitoid composition, 
namely, porphyritic granite, granite gneiss, granodiorite and pegmatite 
are by far the most abundant (approximately 60 to 80 per cent by number 
(Table 5). Small pebbles of granite occur sporadically in the Barakar and 
Motur sandstones but those of pink feldspar are fairly abundant in the 
conglomeratic sandstone interbeds of the Motur formation, particularly that 
occurring at the base. Likewise, petrographically, the bulk of the sandstone 
in three formations is mainly subarkosic and arkosic wacke. Provenance 
or source rock index, that is, proportion of feldspars in relation to 
supracrustal rock fragments (Pettijohn, 1957a, p. 286) computed for each 
sandstone sample of the three formations (Appendix XTT), varies from 1.5 
to 3.2 for Talchir, 1.5 to 27.5 for the Barakar and 1.4 to 25 for Motur 
sandstone. A general enrichment of feldspathic constituents in the Lower 
Gon<iM»9na sandstones is clearly implied. Indeed the evidences cited above are 
0^ !ii 
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almost undeniable and suggest that the Lower Gondwana feldspar debris in 
the study area, both "gravelly" and "sandy", was largely .derived from 
rocks which were, perhaps, dominantly grani te and granite gneiss, 
granodiori te , and pegmatitlc. 
Two thin sections from clas ts of granite and granite gneiss belonging 
to the diaraictite units were closely examined for textural and mineralogical 
characters of the constituents (Plate l9 ) . Also modal analysis was 
carr ied out (Table 14) for estimating the r e l a t ive proportion of mineral 
cons t i tuen ts . The proportion of quartz ranges from 30 to 60 per cent and 
i t s s ize from 1.5 to 0.19 mm and include both undulatory and non-undulatory 
v a r i e t i e s . The l a t t e r var ie ty , however, occurs in a smaller proportion 
(2 to 5 per cen t ) . Polycrystal l ine quartz, par t icu la r ly common in granite 
gneiss resemble mostly the ' r ec rys t a l l i s ed metamorphic quartz ' (Folk, 1961, 
p.69) consisting of individual c rys ta l components that commonly range in 
s ize from 0.5 to 0.17 mm and show wavy extinction similar to that of 
undulatory quartz, and less commonly, non-undulatory (smooth) ex t inc t ion . 
Admittedly, on mechanical break-down, polycrysta l l ine quartz would tend 
to yield monocrystalline grains of quartz of about a similar s ize range 
(0.5 to 0.17 mm) displaying both undulatory and non-undulatory extinction 
(Conolly, 1965, p . 135). Many of the d e t r i t a l monocrystalline medium to 
fine quartz in the Talchir, Barakar and Motur formations exhibit optical 
characters referred to above, and, moreover, they are generally subangular 
to angular (Plate ' ^ ^ ) and include mineral and other Inclusions similar 
to those recognised In thin sections of c l a s t s . These characters strongly 
EXPUNATION OF PUTE 18 
MINERAL COMPOSITION OF THE CLASTS OF GRANITE AND GRANITE GNEISS 
A : Pelycrysta l l ine quartz in granite gneiss. The individual camponents 
vary in s ize from coarse to medium and fine grained; (X 40). 
B : Feldspars in grani te c las t containing inclusions of rounded to well 
rounded quartz varying from fine to medium sand grade; (X 40). 
PLATE 18 4 1 , 
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suggest that much of the quartz in these rocks is derived from the granite 
and granite gneiss . Likewise polycrystal l ine quartz, par t icu lar ly those 
resembling ' r ec rys ta l l i sed raetamorphic quartz ' (Folk, 1961, p . 69) which 
occur ubiquitously in the Lower Gondwana rocks of the study area, may 
have t he i r source in the granite gneiss complex. However, t he i r variable 
proportion in these rocks low, (about 15 per cent) in the Talchir and 
Barakar and higher (25 to 35 per cent) in the Motur, may have a bearing 
on the nature of weathering in the source area and intensity and duration 
of erosion and abrasion during transportation (Conolly, 1965, p . 135). 
Clasts of granite and granite gneiss contain a l l the four types of 
feldspars, namely, microcline, pe r th i t e , orthoclase and plagioclase 
(? a lb i t e -o l lgoc lase ) . Microcline, per th i te and orthoclase occur in 
larger s ize ( 5 to 0.4 mm) than the plagioclase. The feldspars are generally 
fresh but in many clasts they exhibit p a r t i a l a l t e r a t ion . However, the 
plagioclase and orthoclase are re la t ive ly more al tered than microcline 
and p e r t h i t e . In the rocks under examination feldspars occur by and large 
in the same proportion as in the granitoid c las t s though tend to vary in 
s ize from 2 down to 0.l6mra and, likewise, exhibit different stages of 
a l t e r a t i o n . Indeed there is l i t t l e doubt that almost a l l the feldspars in 
the Lower Gondwana rocks were supplied by grani te and granite gneiss . Heavy 
mineral species that may have been derived from these rocks are essent ia l ly 
zircon, topaz and tourmaline; the l a t t e r two,, par t icular ly tourmaline of 
blue variety clear of inclusions, indicate, more precisely, a pneumatolytlc 
source (? pegmatite) (Krynine, 1946). However, tourmaline with inclusions 
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may represent a granitic source (Krynine, 1946). Among the clasts of basic 
igneous origin, noteworthy are those identified as "epidlorite" which 
occur sporadically In Talchir formation. The presence of basic igneous 
rocks in the provenance is implied, and possibly part of the opaques 
(magnitite), epidote and titanite may have been derived from these roclcs. 
1.12 Metamorphic Rocks 
An appreciable proportion of embedded clasts in the Talchir diaraictltes 
are metamorphic in origin and include in order of abundance: biotite 
quartz schist, garnetiferous mica schist, sericite argillite and phyllite, 
calcareous phyllite, crystalline limestone, treraolite schist and graphite 
schist. Metamorphic rocks of similar composition are also available as 
sand sized rock fragments which occasionally occur in the diamictite matrix 
and sandstones of the Talchir and lower part of the Barakar and Motur 
formation. The above assemblage of clasts and rock fragments which may 
occur in variable proportion throughout the Lower Gondwana rocks of the 
study area reveals' diagnostically that low and high grade metamorphic 
rocks constituted a part of the provenance and contributed in varying 
amount to the incoming Lower Gondwana debris. However, among the lithologies 
represented by clasts and sand sized fragments in the Talchir formation, 
the most common are biotite quartz schist, argillite and phyllite. These 
metamorphic rock fragments seldom occur in the succeeding middle and 
upper parts of Barakar formation and only some of them (argillite and 
phyllite) reappear in the overlying Motur formation. Apart from the rock 
fragments, a moderate proportion of elongated quartz may have been derived 
from the quartz-rich metaraorphic rocks. Heavy minerals likely to have been 
supplied by these supracrustal rocks include mainly garnet, staurolite, 
rauscovite, epidote and part of the opaques. 
1.13 Sedimentary Bbck-s 
Presence of sedimentary rocks in the source area could be ascertained by 
the embedded clasts as well as sand sized rock fragments comprising 
sandstone, limestone and shale fragment which commonly occur in diamictite 
and transitional zone (Unit D), as also by sporadic fragments of chert. 
However, in almost all the rocks including diamictites the sandy fraction 
contains, alongwith the dominant subangular and angular quartz, a small 
proportion of subrounded and rounded quartz. Because of some sporadic 
abraded overgrowth around quartz, it is not unlikely that part of the 
rounded quartz, if not all, are of second cycle derived from mature to 
submature supracrustal arenite. For those showing no evidence of over-
growth, a distant source, and a first cycle origin can be visualised, 
although there is little supporting evidence at hand. Alternatively, 
subrounded to rounded quartz in medium to fine sand size occasionally 
occur as mineral inclusions in feldspar phenocrysts in the granitoid clasts 
(Plate 19 b ), weathering of which in the source area may have released 
rounded quartz which thereafter formed a part of the debris. Occasional 
occurrence of rounded zircon and tourmaline, likewise, may imply their 
derivation from older mature sedimentary rocks. 
1.20 Location of Source Rocks 
A consideration of the raineralogical characteristics of the Talchir, Barakar 
and Motur sediments in the study area suggests that the granitoid rocks, 
comprising largely porphyritic granite, granite gneiss, and pegmatite 
contributed liberally to their formation. Low and medium to high grade 
metamorphic and sedimentary rocks as also basic igneous rocks provided 
a subsidiary source which perhaps contributed some what in a greater 
proportion to Talchir debris than to Barakar and Motur. 
A paleocurrent study of the Lower Gondwana sediments of the Pench Valley 
coalfield (Fig. 2lO suggests that the sediments were transported in a 
general northwesterly direction and that, in all probability, the provenance 
was situated to the southeast of this area. Further, by and large, the 
paleocurrents were consistently uniform through time, and it appears that 
one and the same source area supplied the detritus to the basin throughout 
the deposition of the Talchir, Barakar and Motur formations. 
Fig. 39 shows the present-day distribution of pre-Gondwana (Precambrlan) 
rocks to the south and southeast of the study area, that is, the region 
where the provenance should have been located. This region is largely 
covered by the "porphyritic granite and granite gneiss of Chhindwara" 
(Fox, 1934, p. 243) recently termed as "Peninsular gneiss" (Pichamuthu, 
1967). The Sausar and Sakoli "Series" comprise various low to medium and 
high grade metamorphic rocks listed in the inset of Fig. 39. The granitoid 
complex (Peninsular gneiss), which Includes outrcops of older epidiorite 
is intimately associated with the Dharwar metasedimentary assemblage. A 
direct correlation between the detrital components of the Lower Gondw8[na 
rocks of the Pench Valley coalfield with those exposed southeast of the 
Fig. 39 Sketch n>up showing the present doy distribution of outcrops of 
Prc-Gondwana rocks to the south & southeast of the study a rea . 
Arrows indicate the inferred dispersal pattern 
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study area firmly establishes that all the clasts and detrital fragments 
including heavy minerals may have been derived from the Precambrian 
complex of mixed composition occurring south and southeast of the study 
area. 
2.0 SEDIMENTATION HISTORY 
2.10 Talchir Formation 
Among the lower Gondwana deposits of the study area, the rocks of the 
Talchir formation are indeed very much different from those of the succeeding 
Barakar and Motur formations. The differences between these deposits are 
in respect of both lithologic character and lithologic association, and 
their sedimentary characters. Clearly these differences are primary and 
genetic and are the products of distinctive depositional environments. 
The dominant lithologic type of the Talchir formation in the study area 
is the polymictic diamictite occurring vertically at three stratigraphic 
levels as Units A, B and C. Inter-bedded with diamictite units are 
sandstone and mixed assemblages of sandstone and shale. The diamictite 
Unit C Is overlain successively by sandstone, laminated shale, and a 
conglomeratic sequence the latter assigned to the transitional zone 
(Unit D). The origin of these diamictites in the study area, as of similar 
rocks elsewhere, is rather problematic nminly because of their unusual 
texture - an assemblage of fragments ranging in size from a fraction of 
millimeter to several meters. Obviously, the diamictite must be mainly 
the product of deposition from media of high density or visociety. 
Laboratory studies based on surface texture of sand grains (Krinsley and 
2? 
Takahashi, 1962), relative abundance of quartz and feldspar (Hamilton 
and Krinsley, 1967), characteristics of size frequency distribution 
(Landim and Frakes, 1968) and, possibly, also dimensional pebble fabric 
if observed on a regional scale (Harland, 1964; Harland, et al., 1966) 
may yield genetically useful information and may help to establish the 
precise mode of origin of diamictites. But, by and large, the evidence 
provided from such studies are supplementary rather than diagnostic. On 
the other hand field evidences, such as nature of stratification and 
occurrence of deformed sandstone bodies within diamictites among other 
things, are more diagnostic and in collaboration with other similar lines 
of evidence, can be used more profitably in recognising the origin of 
diamictites (Frakes and Crowell, 1967, p. 69, 1969,0.1027; Crowell and 
Frakes, 1971a, p. 116). Further, the study of lithologies associated 
with diamictites - their lateral and vertical variations and sedimentary 
characters - help a great deal in deciphering the processes, environments 
as well as the underlying controls of sedimentation of a diamictite-bearing 
sequence (Dott, 1961; Crowell, 1964, p. 94; Harland, 1964; Reading and 
Walker, 1966, p. 180; Lindsey, 1971; Crowell and Frakes, 1971a, p.117). 
The interpretation of diamictites, whether they are tillites or not, has 
been widely discussed by several workers (Hohl, 1934; Ackerman, 1951; 
Crowell, 1957, 1964; Dott, 1961, 1963; Schermerhorn and St anton, 1963; 
Schwarzbach, 1964; Winterer, 1964; Frakes and Crowell, 1967, 1969; 
Casshyap, 1969). Among the various processes suggested thus far (Crowell, 
1964), three models deserve consideration to explain the origin of Talchir 
diamictites and associated sediments: (1) turbidity current model; 
(2) subaqueous mass movement model and (3) glacial model. 
2.11 Turbidity current Model 
Dnder certain geomorphic situations, turbidity currents may produce deposits 
resembling diamictites particularly at the proximal end (Kuenen, 1951; 
Crowell, 1957; Dott, 1963; Heezen and Hollister, 1964). Apart from 
exhibiting uniform and regular alternation of thin beds their unusual 
continuity, the turbidity current deposits are recognised in the geologic 
records by the presence of graded bedding, convolute bedding and persistent 
bedding with abundant sole markings and so on. The tilloids of West 
Congo (Schermerhorn and Stanton, 1963) and Granville "tillite" of Normandy 
(Winterer, 1964) are a few examples in which thin beds of tilloids 
repeatedly alternate with a turbidite sequence. The bulk of the Talchir 
deposits of the study area and elsewhere show little resemblance with any 
of the above mentioned tilloid deposits, either stratigraphically and 
lithologically or in tectonic setting. However, as is well known, turbidity 
currents may develop in a variety of depositional environments, and it is 
not unlikely that they may have been active during deposition of a part of 
the Talchir strata, a possibility reported recently (Banerjee, 1966) for 
some interbedded assemblage of Talchir shale and sandstone in the Raniganj 
coalfield of West Bengal. Most of the characters of Talchir deoosits In 
the study area are indeed incompatible with the turbidity current model and 
from all the available evidence in the study area and in other parts of the 
subcontinent, it appears that the Lower Gondwana succession as a whole was 
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deposited in intracratonic basins at best under a relatively unstable 
tectonic framework. 
2.12 Subaqueous Mas? Movement Model 
In recent years several diamictites including those considered glacial in 
origin have been ascribed to subaqueous mass movements (Dott, 1961; 
Lindsay, 1966; Frakes and Crowell, 1967, 1969). Deposits laid down by 
this process exhibit certain diagnostic features in that the resulting 
diamictites show general lack of lateral continuity and above all include 
contorted, broken and twisted pieces of substrate. In diamictite units 
formed by subaqueous mass movement as in turbidity current deposits, 
coarser clasts occur towards the proximal end and finer towards the distal 
end of the deposit (Frakes and Crowell, 1967, 1969). Embedded clasts in 
the diamictite seldom show striations and if when they do, the strlations 
run in many directions and affect all oarts of the clasts ("Jinterer and 
Von Der Borch, 1968, p. 208). Bedding in the diamictites originated by 
subaqueous mass movement is generally not recognised unless "normal" 
water laid sediments are intercalated (Frakes and Crowell, 1967, p. 47). 
Although clasts in diamictite units formed by subaqueous mass movement show 
preferred orientation (Lundqvist, 1949; Harrison, 1957; Lindsay, 1966, 
1968), it is not known to be consistent on a regional scale (Harland, et al., 
1966, p. 245). 
For Talchir diamictites of India none so far has postulated a subaqueous 
mass movement model. Mass movement as a sole process for the deposition 
of the three diamictite units of the study area is not feasible on the 
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following grounds: (1) the diaraictite units are laterally extensive and 
extend farther to the west in the neighbouring Kanhan Valley coalfield; 
(2) there is no evidence in the study area for a size gradation of 
embedded clasts inasmuch as coarser clasts occur at the proximal (south) 
as well as at the distal (north) end; (3) striated clasts showing sub-
parallel patterns in the diamictites as also in the interbedded shale 
and sandstone are widespread; (4) clasts embedded in the diamictite 
units show preferred orientation in the study area as well as on a regional 
scale in the different Gondwana outliers (Srivastava, 1961; Ghosh and 
Mitra, 1967, p. 543). 
The occasional presence of twisted and partially broken lenses of sandstone 
in the upper half of middle diamictite and locally in the diamictite of 
the eastern part of the study area imply that subaqueous mass movement may 
have contributed occasionally and on a small scale during their deposition. 
Nevertheless it is clear from the foregoing discussion that this process 
cannot singly account for the origin of the entire Talchir association 
in the study area. 
2.13 Glacial Model 
Many workers have argued in favour of glacial origin for Talchir diamictite 
on the basis of striated bedrock pavements (Fedden, 1B75; Smith, 1963a, 
1963b), abundance of striated and faceted clasts, very poorly sorted texture 
and polymictic composition (Blanford, et al., 1856; Oldham, 1B93; Fox, 
1931; Rao, 1957; Srivastava, 1961). Incidentally, many of the equivalent 
Perraocarboniferous (and Permian) deposits in other parts of the Gondwanaland 
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includinq South Africa, Austral ia , Antarctica and South America have been 
re-examined in recent years and proved to be glacial in origin (Bowen, 1967; 
Frakes and Crowe 11, 1967, 1969, 1970; Frakes, et a l . , 1971; Lindsay, 
1970; Crowell and Frakes, 1971a, 1971b). 
The occurrence of a s t r i a t ed pavement on the bedrock is an indisputable 
evidence for glacia t ion. A well-developed s t r i a t ed pavement underneath 
Talchir t i l l i t e , with s t r i a t ions oriented north-northeast south-southwest, 
has been reported from limestone bedrock along the banks of Penganga 
r iver near Irai (Smith, 1963a!),a local i ty about 425 km southeast of the 
study area . A similar s t r i a t ed pavement below Talchir t i l H t e has been 
reported from the Raniganj coal f ie ld . West Bengal at a local i ty in the 
north of Ajai r i ve r . However, despite intensive search, s t r i a t ed pavement 
could not be discovered in the Pench Valley coalf ield nor has i t been 
reported from the adjoining Kanhan Valley coalfield to the west. The 
poss ib i l i ty of finding a s t r i a t ed pavement in the Pench Valley coalfield is 
p rac t i ca l ly ruled out because the Talchir s t r a t a He against the Precambrian 
basemfent with a faulted contact as referred to e a r l i e r . Further, a s t r i a t ed 
pavement may not develop at a l l in an area where the deposits are laid 
d»wn subaqueously (Frakes and Crowell, 1969, p . 1027). Even In other parts 
of the Gondwanaland where the equivalent Permocarboniferous/Permian deposits 
have been ascribed to glacial or igin , s t r i a t ed pavements seldom occur 
(Frakes and Crowell, 1967, 1969). There a re , however, numerous corroborating 
evidence in diamictites and in associated l i thologies which are fa i r ly 
diagnost ic , i f not conclusive of g lac ia l or ig in , and these have been reported 
widely from the Gowganda t i l l i t e s of Ontario (Pett i john, 1957a; Ovenshine, 
1964; Young, 1968; Casshyap, 1969; Lindsey, 1971), Eocarabrian t l l l i t e s 
of Tanafjord area, Finnmark (Reading and Walker, 1966), Late Paleozoic 
diamict i tes , of Falkland Islands, of South America, Antarctica and 
Australia (Frakes and Crowell, 1967, 1969; Frakes et a l . , 1971; Crowell 
and Frakes, 1971a, 1971b), Palaeozoic glacial rocks in the cent ra l Trans-
antarc t ic Mountains (Lindsay, 1970), and from Toby t i l l i t e s of northwest 
America (Aalto, 1971). 
The following features of the Talchir deposits in the study area are strongly 
suggestive of glacial or igin: (1) ' soft sediment pavement' occur in the 
diamict i te of the eastern part (Plate 5 ^ ) and on a sandstone interbed 
of the middle diamictite (Unit B) in the western part (Plate 5 c - * D ) ; in 
e i ther case the s t r l a t ions trend north-northwest south-southeast. The 
features may be indicative of ice contact deposit (Lindsay, 1970, p.1161). 
(2) Thinly s t r a t i f i ed diamictite developes in the lower part of middle 
diamict i te (Unit B) and upper part of upper diamicti te (Unit C) and includes 
occasionally 'grouped' or clustered c l a s t s . The above features are most 
l ikely indicative of subaqueous deposition by ice-berg rafting (Frakes and 
Crowell, 1967; Ovenshine, 1970; Aalto, 1971). (3) Laminated varve-like 
green shale and sandstone which succeed the diamicti te units occasionally 
contain 'dropstones* which in places puncture and deform the laminae 
(Plate 7 6 ) . (4) "wedge-shaped" sandstone bodies in diamicti te units 
A and C are similar to those described from diamictites elsewhere (Frakes, 
et a l . , 1968; Lindsay, 1970) and may be interpreted as sand f i l l ings in 
open fissures of frozen t i l l . Likewise thin sandstone and conglomerate 
interbeds in these diamictites are akin to "esker like sand bodies" (Frakes, 
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et a l . , 1968; Lindsay, 1970) and may represent a synchronous deposition 
with d iamic t i tes . (5) The c las t s in the diaraictite units as well as those 
dropped in the shale are not uncommonly s t r i a t ed and faceted. (6) some 
c las t s show wide gaping fractures which are f i l l ed with the same material 
which const i tutes the matrix of the diamicti te in which i t is embedded 
(Plate 3 A ) . This feature may have been produced by fracturing and 
thawing produced by ice (Harland, et a l . , 1966; Lindsay, 1969). (7)Although 
the diamicti te units of the Talchir formation show a wide geographic 
d is t r ibut ion from Kanhan Valley in the west through the Raniganj coalf ield 
in the east - a distance of about 2,000 km, they do not exhibit any s t r ik ing 
change e i ther in respect of the i r lithology or thei r sedimentary characters 
and also show a consistent orientat ion of the c l a s t s . 
2.131 Subaqueous and ? Marine Origin 
The bulk of the Talchir assemblage in the study area, including the s t r a t i f i ed 
diamicti tes which also contain grouped c l a s t s , and interbedded cross-
laminated sandstone and pa ra l l e l laminated shale containing 'drops tones ' , 
exhibi t characters implying subaqueous deposit ion. Although di rec t 
evidence of subaqueous origin is lacking for diamictites which are massive 
and uns t ra t i f ied , thei r deposition can nevertheless be accommodated under 
the sub-aqueous model. Str ikingly, the Talchir s t r a ta in most of the 
coalf ields from Pench and Kanhan Valley in the west to Raniganj in the 
eas t , exhibit a l i thologic sequence and assemblage of sedimentary structures 
which are more or less uniform. The overall s imi la r i ty of Talchir s t r a t a 
in space is indeed genetically s ignif icant ca l l ing for a depositional 
environment which was by and large a l i ke . In several coalfields of eastern 
India, Talchir diamictites and associated sediments have been conveniently 
interpreted, without adequate justifications, as fluvio-glacial deposits 
(Oldham, 1893; Fox, 1931; Rao, 1957; Pascoe, 1959; Niyogi and Rao, 
1959; Niyoqi, 1961, 1966; Wadia, 1961; Smith, 1963a; Ghosh and Mitra, 
1967, 1970; Rao, et al., 1967). A fluvio-glacial model may be alright to 
explain the deposition of Talchir diamictites in one or the other coalfield, 
but whether the model can deposit these lithologically similar rocks is a 
subject on which opinions may differ. 
With the discovery of certain invertebrate fossils at Oraaria, Manendragarh 
and Daltonganj in eastern and central India, a marine environment has been 
interpreted for the deposition of Talchir diamictites at these localities. 
Fossil organisms of marine environment have, however, not been reported 
from the Talchir rocks elsewhere in the country and also could not be 
discovered in the study area. Indeed the presence of marine fossils is a 
strong evidence in favour of marine environment but their absence from the 
same group of rocks elsewhere cannot be taken as a criterion to rule out a 
marine environment completely. There are numerous examples in other parts 
of the world where the regional extent of sedimentary framework and related 
sedimentary evidence were taken into account to invoke a glacio-marine 
environment for unfossillferous ancient tillites (Crowell and Frakes, 1967; 
Lindsay, 1971). Listed below are some sedimentary features of the Talchir 
strata in the study area which may be suggestive of marine environment: 
(1) Not uncommonly Talchir shales of the study area exhibit parallel and 
2z' 
f a i r ly continuous laminations In the outcrop, sometimes for tens of 
meters. However, individually, a single lamination seldom exhibits 
ve r t i ca l gradation of par t ic les s i z e . The laminations of the Talchir 
shales , therefore, seldom resemble varve laminae; (2) The carbonate 
cement is uniformly d is t r ibuted in almost a l l the sandstone subunits , 
part of the middle and upper diaraict i tes , as also occasionally in shales 
which are sometimes richly calcareous approaching marl. Tn a sample of 
Talchir shale (subunit Cg), subjected to chemical analysis , the proportion 
of calcium is as high as 11 per cent; and (3) The predominant green 
colour in a l l the units of the Talchir formation is Indicative of a unifomly 
reducing environment which is most unlikely if the deposition has been 
subaereal . 
2.14 Glacio Marine Environments 
Carry and Ahmad (1961) discussed glacia l marine sedimentation, according 
to the c lass i f ica t ion of glaciers into temperate (wet-base) and polar 
(dry-base) . They outlined five zones of g lac ia l marine sedimentation as 
follows: (1) t e r r e s t r i a l , where the base of the glacier is above sea 
level; (2) grounded shelf, where the base of the glacier is below sea 
level but not f loating; (3) f loating shelf zone, where the base of the 
glacier is f loating; (4) inner iceberg zone; and (5) the outer iceberg 
zone. Wet- and dry-base glaciers apparently give r i s e to fundamentally 
different types of glacial deposi ts . In dry-base glaciers the deposition 
mostly takes place in the subaqueous environment, near the outer edge of 
the f loating shelf zone. In contras t , wet-base glaciers are deprived of 
their load, either on land in the terrestrial zone, or, in the qrounded 
shelf zone. The resulting till in these zones is unstratified but may 
include lenses of esker sand and gravel. Occasional stratified till layers 
may occur near the inner edge of grounded shelf zone due to temporary 
floating of ice and landward extension of floating shelf zone. Recently 
Reading and Walker (1966) introduced some modifications in the above model 
including, among the things, sedimentary character of tills and associated 
sediments deposited in glacial marine environment. 
Most of the characters of the Talchir diamictites in the study area can 
satisfactorily be applied by envisioning a wet-base glacier model of sedi-
mentation. Evidently the glacial body, may have advanced into the Pench 
Valley basin down the inferred paleoslope from south and southeast; and, 
by Implication, shore line may have extended broadly east-west and the 
basin to the north. 
2.141 Evolution of Talchir Sedimentation 
From the sedimentary sections of the Talchir strata in the western and 
eastern part of the study area, reference to which has been made earlier 
(Fig. 5 ) , a series of Interpretative diagrams have been made which attempt 
to demonstrate the evolution of glacial and associated interstadial and 
postglacial sedimentation. A comparable though not identical situation, 
so far as the climate and environment of deposition are concerned, exists 
for the tillite of the Gowganda formation (Lindsey, 1969, 1971), tillites 
of south America, Australia and Antarctica (Frakes and Crowell, 1967, 1969; 
Frakes et al., 1971; Crowell and Frakes, 1971a, 1971b). 
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In view of the faulted contact, the oldest Talchir strata which may have 
rested directly on the Precambrian basement, is not exposed in the study 
area. Of the available Talchir strata, diamictite (tillite) Unit A 
possibly represents the earliest glacial advance in the study area. The 
tillite is massive and unstratified; it is about 32 m thick, laterally 
extensive, exhibits typical bimodal fabric and is practically devoid of 
twisted sandstone inclusions. The evidence at hand, therefore, suggests 
that this tillite may have been deposited from a wet base glacier possibly 
in the terrestrial/grounded shelf zone; the shore line, because of the 
growth of the ice sheet, possibly receded farther north (Fig. 40). Sporadic 
sandstone lenses in the tilHte resembling channel sandstone may well be 
interpreted as subglncial esker sand deposited locally due to release of 
meltwater. Likewise, the few triangular sandstone inclusions may have 
formed due to sand fillinas of open fissures in frozen till. The equivalent 
glacial deposits*of floating shelf-ice zone may occur farther north in the 
Satpura basin in the area now occupied by a thick pile of overlying Lower 
Gondwana strata. As the ice-cap melted and hence receded southward the 
shore line transgressed southward well into the study area heralding the 
first interstadial period during which an assemblage comprising sandstone 
(subunit Aj) alternating thin beds of green shale and fine sandstone 
(subunit Ap, Plate 7 A ), and sandstone (subunit A„), in ascending 
order, were deposited successively on top of lower tillite A (Fig. 40). 
Medium to fine sandstone of subunit Aj, showing linguoid ripples, may 
represent deposition under shallow water; the subunit A2 made up of 
alternating thin shale and fine sandstone may have transgressed the underlying 
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deposition under quiet and relatively deeper water alternatinqly from 
saltation and suspension. The succeeding sandstone subunit Ag locally 
show isolated ripple lenses, and hence an occasional gently turbulent 
environment. Also implied, perhaps, is a slight withdrawl of shore line 
either due to isostatic recovery, or more probably in response to the 
advancing ice-sheet which resulted in the deposition of the overlying 
middle diamictite (tillite Unit B ) . 
As referred to earlier the lower part of the tillite B is partially 
stratified (Plate 5 6 ) , locally includes "grouped" clasts and lenses 
of conglomerate, and its matrix is silty to sandy and calcareous. Under 
this glacial model the above characters closely resemble tills laid down 
in the 'floating shelf ice-zone' (Reading and Walker, 1966, Table II) 
(Fig. 40). Also included in this part are numerous ellipsoidal concretions 
rich in calcium carbonate (Plate fe& ). These concretions are in all 
probability of replncement origin and aret therefore, post-depositional. 
Concretions similar to these may owe the^ 'r origin to precipitation of 
calcium carbonate in pores of the host rock (Pettijohn, 1957a, p. 204). 
The succeeding tillite horizon in the middle part of tillite B is, however, 
massive occasionally including deformed and twisted sandstones lenses 
(Plate 5c*^>»). As such this horizon of tillite B may w e U be interpreted 
as remobilized till from the adjoining grounded shelf zone, emplaced into 
the shallow water floating shelf zone by subaqueous mass movement. It is, 
however, not unlikely that some of these deformed sandstone lenses 
(Plate 3 c: ) in this tillite may have been twisted under the ice on the 
outer margin of the grounded shelf zone near the subaqueous slope by 
thrusting or pushing of ice sheet and subsequently incorporating them into 
the resulting mass flow deposits (Ahmad, N., Aligarh M. University, personal 
communication, 1972). The succeeding diamictite forming the upoer part 
of the middle Unit B, locally shows thin stratification with,sandstone 
which are rippled and show soft sediment pavement (Plate 5 <c-'^  D), the 
ripple asymmetry and striations trending north-northwest. The above 
features imply deposition of stratified diamictite possibly beyond the 
outer margin of the grounded shelf ice-zone. However, the bulk of the 
diamictite in the upper part of middle Unit B is massive and unstratified, 
it lacks twisted sandstone bodies but commonly includes thin sandstone 
lenses interpreted as subglacial esker sands. It is possible that the 
til lite in the upper part of Unit B was largely deposited on the grounded 
shelf zone (Fig. 40), implying thereby a withdrawl of shore line to the 
north which can be explained either due to the continued growth of the 
ice-sheet or, possibly, due to rapid rate of sedimentation during the period 
of second glacial advance. 
With the melting of the second ice-sheet and hence during the second 
interstadial period medium sandstone (subunit B,) was deposited on top of 
tillite B (Fig. 4k)). That it was perhaps a brief interstadial period is 
indicated by the small thickness (3 m) of the sandstone. 
The third glacial advance in the study area is represented by the diamictite 
(tillite) C. Structurally and texturally this tillite closely resembles 
the tillite A and is likewise laterally extensive and includes thin 
sandstone lenses. Also interbedded within the diamictite Unit C are varves 
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(Plate M A ) which may have been formed due to subglaclal ponding of 
melt water streams. In the upper par t , however, i t shows faint s t r a t i f i -
cation with sandstone interbeds containing 'dropstones ' . 
The above characters ca l l for i t s deposition mainly in the grounded shelf 
zone and par t ly , in the upper par t , near the outer margin of f loating 
shelf zone. The lower contact of the t i l l i t e C with the underlying 
sandstone (subunit Bj) is grossly uneven resembling ball-and-pillow 
s t ructure (Plate 6 c ) . Following Kuenen's (1958, p.17) interpretat ion 
of ball-and-pillow s t ruc ture , i t may be that during or af ter the deposition 
of t i l l i t e C, a t r iggering action (earthquake), possibly due to tectonic 
dislocation in the adjoining landmass to the south of the study area, 
transformed the underlying frozen semlconsolidated sand to semi-fluid 
s t a t e and caused a forceful intrusion into the shear planes of the overlying 
t i l l . 
After the re t rea t of the third and possibly the last Talchir ice-sheet from 
the area, shore line again moved fonvard into the area leading to the 
deposition of medium fine argillaceous sandstone (subunit C,) followed by 
a thick sequence of green laminated shale (subnnit €„) which occasionally 
include 'dropstones ' . The sequence of events that followed the deposition 
of shale of the third in ie r s t ad ia l period may be related to tectonic uplift 
of the landmass which probably resulted in the withdrawl of shore- l ine from 
the area, subaerial exposure of the shaly bed, and i t s erosion as is evident 
by the nature of the lower contact of the t r ans i t i ona l unit D (Plate 7 c )• 
The ent i re Urtit D grossly exhibits a fining upward sequence, the lower 
feldspathic conglomeratic sandstone is profusely cross-bedded; the 
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succeeding sandstone and shale show occasionally small-scale cross-bedding 
and contain pebbles and cobblr's as 'd rops tones ' . The assemblage ;iindeed 
bears a close resemblance with f luvio-glacial outwash described by Augustinus 
and Riezebos (1971) from Soesterberg (The Netherlands). 
2.20 Barakar and Motur Formations 
The thick p i le of c l a s t i c assemblage represented by the coal-bearing 
Barakar and barren Motur formations, exhibits sedimentary characters 
(referred to in de ta i l in Chapter I I ) which imply thei r deposition in a 
subaqueous rather than a subaerial environment. Indeed this fact was 
implied in the findings ot e a r l i e r workers (Oldham, 1893; Fox, 1931; 
Krishnan, 1949, 1968; Pascoe, 1959; Niyogi, 1966; Sengupta, 1966, 1970; 
Casshyap and Jain, 1970; Casshyap, 1970; Casshyap and Qidwai, 1971) who 
concluded that these formations were predominantly of f luvial and locally 
perhaps of lacustrine or ig in . 
A predominantly lacustrine origin for the Barakar or Motur s t r a ta can be 
ruled out conclusively in view of the d is t r ibut ion pattern of the Gondwana 
coalfields in Peninsular India, the geometry of the consti tuent l i thologic 
units in individual coal f ie lds , the textural and compositional charac ter is t ics 
of the rocks and, above a l l , by the associat ional and paleocurrent pa t te rns . 
However, the acceptance of a f luvial mode of origin is not as self evident 
as the rejection of the lacustr ine model because many t ida l ly influenced 
s t rand- l ine environments (subtidal channels and thei r levees in deltas and 
estuar ies) produce asseiriblages of sediments which show great s imi la r i ty to 
f luvial sediments (see Pot ter , 1967). Nevertheless, the absence in Barakar 
and Motur formations of locally derived debris especially in conglomerates, 
skeletal debris, minerals like glauconite, authigenlc feldspar and 
collophane and marine lithologic associations, do not point to the influence 
of marine conditions during their deposition in the study area as well as 
elsewhere in peninsular India. In conjuction with the above negative 
evidences, and, using the recommended criteria for interpreting sedimentary 
environments (Lane, 1963; Visher, 1965; Potter, 1967), the following 
characteristics may be cited in support of the fluvial origin for the 
Barakar and Motur formations. (1) Sandstone bodies are commonly elongate 
and straight in the Barakar formation and straight to curved in the case of 
Motur formation. Their elongation (W NW) in either case more or less 
coincides with the inferred paleocurrent direction, (2) The strata In each 
formation comprise a repetetive sequence of fining upward cycles, in which 
very coarse to coarse sandstone of lower coarse grade member is often 
overlain by shale, siltstone or clay and carbonaceous shale and coal of 
upper fine- grade member. (3) Multistory sandsttone bodies are not uncommon 
in the coarse grade member particularly in the Barakar formation. Similarly 
sandstone in the Barakar formation may either occur as discontinuous 
lenticular bodies or as multilateral sandstone bodies. In the Motur 
formation though sandstone is strikingly discontinuous often passing 
laterally into shale and siltstone. (4) Abundant in finer elastics are 
fossil plants, stems, and carbonised vegetal fragments. (5) The primary 
sedimentary structures associated with these sandstone are mainly large-
scale tabular and trough cross-bedding exhibiting at sampling levels a 
unidirectional paleocurrent pattern. Channels and scour-and-fill structures 
are also common. Like grain s ize , bedding thickness and scale of cross-
bedding decrease from base to top in each sedimentary cycles . (6) In 
general sandstones show variable grain size from fine pebbly and very coarse 
sand through fine sand grade, they are moderately to poorly sorted and 
contain an appreciable proportion of unstable d e t r i t a l constituents like 
feldspar and softer rock fragments. The bulk of the d e t r i t a l grains are 
subangular to subrounded. Thus the sandstone are textura l ly and mineralogically 
submature to immature. 
Recognition of f luvial origin for the Barakar and Motur s t ra ta is one 
thing, but equally important is to analyse the conditions of deposition as 
also the competency of currents operating during transport and more so in 
the depositional basin. The l a t t e r aspect acquires importance, for the 
s t r a t a of the Barakar and Motur formations are neither a l ike in respect 
of lithology nor the i r bedding types and tex ture . 
2.21 Depositional Mechanism 
2.211 Barakar Strata 
The Barakar formation in the study area represents , from base to top, a 
repetet ive assemblage of fining upward sequence In which, cha rac te r i s t i ca l ly , 
coarse grade member far exceeds fine grade member (Fig. 11). The dominant 
cycl ic unit ( I ) forming coarse grade member comprises mainly coarse to 
medium sandstone, exhibits large-scale tabular and trough cross-bedding, 
horizontal bedding and occasionally scour-and-fi l l s t ruc ture . Indeed the 
assemblage of primary structures implies that these sands were deposited 
essen t ia l ly by turbulent currents which operated commonly under lower flow 
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regime of moderate to hiqh in tens i ty . Geometry and scale of large-scale 
cross-bedding occurring in cosets indicates that the migrating large 
scale ripples (sand-waves) in the depositional basin developed veriable 
shapes such as s t ra ight crested, caternary r ipp le , and barchan-like 
( luna te ) . On the average, amplitude of the migrating large scale r ipple 
was 34 era implying that the approximate depth of water during the deposition 
of most of the cross-bedded coarse grade member was in the order of 3 m. 
Locally, a progressive shoaling of the depositional basin and (or) a s l ight 
increase in the gradient of depositional surface may increase the flow 
regime (velocity) from lower to upper and resu l t in the deposition of 
horizontal ly bedded sandstone which occur occasionally interbedded with 
cross-bedded sandstone. Sediment characters of the Barakar sandstone 
corroborate the inferred intensi ty of depositing currents inasmuch as the 
sa l ta t ion load which invariably forms the bul'< of the sample is moderately 
well to well sor ted. That the depositing current operating predominantly 
under lower fl0(6 regime and a variable intensity is appropriately reflected 
in grain s ize dis t r ibut ion for which, broadly, three types of cunmulative 
plots have been recognised, representing (1) only sa l ta t ion and suspeni?ion 
load; (2) t rac t ion , sa l ta t ion and suspension load; and (3) t rac t ion , two 
sub-populations (A and B) of saltation and suspension load. Sandstone 
samples representing cyclic unit T of coarse grade member commonly exhibit 
grain s ize d is t r ibut ion of type 2 and 3 . In e i ther case t rac t ion load 
comprising fine pebbly to very coarse sand seldom exceeds 10 per cent . The 
type I grain s ize d is t r ibut ion is re la t ive ly more common in medium grained 
sandstone representing cyclic unit I I which forms the upper par t of coarse 
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grade raenfcer. As a rule this unit exhibits moderate to small-scale cross-
bedding suggestive of shallower water and weaker turbulent currents . 
Petrographic study reveals that coarse and cross-bedded Barakar sandstones 
by and large show a paucity of polycrysta l l ine quartz, a phenomenon 
a t t r ibu ted to the presence of higher energy conditions during transport 
and in the depositional basin (Conolly, 1965). A similar explanation may 
be offered to explain the lack of supracrustal labile rock fragments. 
Suspension load in coarse grade sandstone const i tu tes by and large about 
15 per cent of the t o t a l load indicating possibly a limited reworking of 
the sediments subsequent to deposition and (or) rapid ra te of b u r i a l . 
Fine grade member forming the upper part of fining upward cycle mainly 
comprises fine sandstones and s i l t s t o n e , carbonaceous shale and occasionally 
coa l . The f i r s t two exhibits small-scale cross-bedding (cross-r ipole 
lamination) and para l le l lamination which, respect ively, develop in lower 
flow regime of low intensi ty and through deposition from suspension. 
Paleocurrent study reveals tha t these small-scale cross-bedded units 
developed locally from weaker currents which exhibited a flow pattern 
oblique to or at r ight angles to the predominant system of current pa t t e rn . 
For most sedimentary cycles, the intensi ty of flow regime (? current 
velocity) s teadi ly lowers down from lower coarse grade to upper fine grade 
member and is inferent ial ly the lowest in the unit that underlies coal/shaly 
coal . Casshyap (1970) i l l u s t r a t e s the variat ion in flow regime diagramati-
ca l ly for the coal bearing sedimentary cycles of the Barakar formation and 
considers the phenomenon genetically s ign i f ican t . Indeed i t is quite 
l ikely that due to certain genetic factors internal (progressive shoaling) 
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and (or) external (differential subsidence) - part of the depositional 
basin may have gradually become the site of stagnant water (water logging 
or lake) in which subsequently coal forming environment developed yielding 
carbonaceous shale or coal. Whether the coal-forming vegetal debris grew 
and was buried in situ or was drifted into the stagnant body of water is 
a subject matter of controversy (Fox, 1931, 1934; Pascoe, 1959; Ahmad, 1961; 
Niyogi, 1966; Casshyap, 1970). 
Vertical repetition of sedimentary cycles calls for a recurrence of appro-
priate depositional environments across the basin and through time during 
the deposition of Barakar sediments. 
2.212 Motur Strata 
The Motur formation in the study area includes two distinct nrappable units 
lower Unit A and upper Unit B. The lithologic and sedimentary characters 
of the two units are much too different implying broadly distinctive 
conditions of deposition as also variable nature of depositing currents. 
The lower unit is represented In the basal part, locally, by a lenticular 
coarse feldspathic conglomeratic sandstone body. This sandstone which is 
rather friable and abounds in angular to subangular fragments ( 5 cm to 0.5 mm) 
of fresh to heavily weathered potash feldspar (Plate 9 -^  ), as also 
contains subangular to angular very coarse to fine quartz and silt and clay. 
The unit is apparently devoid of well developed primary sedimentary 
structure. The textural and mineralogical characters indicate that the 
bulk of the sediments of this unit was rapidly deposited without undergoing 
appreciable transport and abrasion. 
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The succeeding Motur s t ra ta of lotver Ifeit A represents for the most part 
a repe t i t ive sequence of fining upward cycles most of which are truncated, 
and in which as a rule the upper fine grade member consisting of red and 
green clay/raudstone dominates over the lower coarse grained sandstone 
(Fig. 12). 
The cyclic unit I of coarse grade member is more developed than the 
succeeding cyclic unit TI. The former is represented by fine pebbly to 
coarse sandstone whereas the l a t t e r by coarse to medium sandstone. Both 
the units exhibit large-scale tabular and trough cross-bedding and less 
commonly channels and scoux-and-fil l s t ruc tu res . Implicitely the depositing 
currents in the basin were turbulent operating under lower flow regime of 
moderate to high in tens i ty . Geometry, scale and manner of occurrence of 
cross-bedded units are more or less similar to those of the Barakar s t ra ta 
indicat ing that there was a general s imi lar i ty between the morphology and 
dimension of large scale r ipp le (sand-waves) in e i ther case. Admittedly, 
the large scale ripples migrated down current in the basin during the 
deposition of coarse grade members. 
Variation in par t ic le size character is t ics for sandstones of cycl ic units T 
and II indicate that conditions of deposition and potency of depositing 
currents for e i ther case were not a l i ke . Although Motur sandstones of 
coarse grade member, like Barakar, represent three types (Type 1, 2 and 3) 
of grain s ize d is t r ibut ion , more common are Type 2 characterised by 
appreciable t ract ion load in the s ize range from 10 to 0.65 mm and varying 
in amount from less than 15 per cent to asmuch as about 62 per cent . Sorting 
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is moderately to poor par t icu la r ly for sandstones containing a greater 
proportion of t ract ion load. The above characters of coarse grade member 
ca l l for a periodic influx of coarse debris from the source area to the 
adjoining basin where i t was deposited in more or less quantity depending 
upon the efficiency of the currents operating the process. Indeed poor 
so r t ing implies lack of reworking as well as reduced potency of the 
currents at the depositional s i t e . 
Thin interbedded and interflngering assemblage of sandstone and red and 
green clay (Plate 9 B> ) , called herein as "composite sequence", occurs 
locally and discontinuously forming the lower portion of fine grade member. 
Sandstone lenses in this sequence are very coarse to medium grained and 
show small-scale cross-bedding suggesting deposition by weakly turbulent 
currents during high stage of water. IVhereas sandstone lenses may represent 
deposition of t ract ion and sa l ta t ion load, interf ingering lenses of clay are 
product of suspension load. Hoxvever, the bulk of the fine oivie member at 
most places comprises red clay/mudstone with sporadic blotches of green 
colour. I t is mostly massive and seldom, if ever, exhibits faint lamination. 
By a l l means these fine e las t i c s represents suspension load which set t led 
down through an inpounded body of s t i l l water. The available upper Unit B 
of the Motur formation exhibits a fining upward sequence like that of the 
Barakar s t r a t a . However, unlike the Barakar s t r a t a , carbonaceous shale and 
coal are almost lacking in th is Unit. The cyclic units in th is part of the 
Motur s t r a ta mainly comprise ( I ) coarse to fine pebbly conglomeratic 
sandstone; ( I I ) coarse to medium sandstone and ( I I I ) fine sandstone, a l l 
forming part of coarse grade member. The cyclic units I and I I show large 
scale tabular and trough cross-beds. The textural characters of these 
sandstones mainly exhibit Type 1 grain size d is t r ibut ion implying the i r 
deposition by a turbulent continuous currents in lower flow regime of 
moderate to high in tens i ty . 
2.22 Paleooeographic Framework 
On the basis of an integrated scheme of l i thologic characters , primary 
sedimentary s t ruc tures , paleocurrent analys is , texture and mineralogy of 
the Barakar and Motur s t r a t a , an attempt is made herein to evolve a 
su i tab le depositional model for these rocks. A standard scheme of f luvial 
sedimentation has emerged out of several independent studies in different 
parts of the world (Fisk, 1944; 1947; Sundborg, 1956; Wolraan and Leopold, 
1957; Allen, 1964, 1965b; Visher, 1965; Uopold, et a l . , 1964). 
2.221 Barakar Formation 
The lower coarse grade member of the fining upward cycles in the Barakar 
formation of the study area, occurring as multistorey and mul t i l a te ra l 
coalescing bodies, is predominantly very coarse to coarse grained, shows 
cosets of large-scale tabular and trough cross-bedding. I t includes 
moderately to well sorted sa l ta t ion load as dominant fraction, and t ract ion 
and suspension loads as subsidiary fract ion. The above sedimentary 
characters resemble with those of many sands of r iver channel bars (Wolman 
and Leopold, 1957; Frazier and Osanik, 1961; Allen, 1965b, 196R). Among 
the channel bars of modern r i ve r s , depending upon the i r regime, are braid 
and siderbar or point-bar sand (Allen, 1965b, 1968) which are known to resul t 
from the la te ra l accretion of stream bed load by the sideward migration of the 
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thalweg (channel). Occasional presence of horizontal bedding may be 
explained by envisioning deposition on the surface of migrating sand bars 
by the plane-bed movement consequent on an abrupt decrease in depth from 
bar front to bar surface, a phenomenon which resu l t s in suddefn increase 
in flow intensi ty (Kellina, 1968, p . 2379). The succeeding fine sandstone 
of coarse grade member is generally poorly developed in the study area and 
exhibits small to moderate scale cross-bedding. These features may well 
be a t t r ibuted to la tera l accretion channel-bar deposits at a stage when the 
water discharge and velocity dropped to a minimum in a shoaling body of 
water (Frazier and Osanik, 1961; Allen, 1965b). 
The succeeding fine grade member comprising interbedded sequence of fine 
sandstone, s i l t s tone and shale, carbonaceous shale and coal is by and large 
poorly developed in the Barakar formation of the study area and exhibits 
sedimentary characters typica l of topstratum or overbank deposit ion. Fine 
grade member showing rapid ve r t i ca l a l ternat ion of sandstone and shale are 
less common and are similar to those which exhibit characters typical of 
levee deposits (Allen, 1965b, pp. 145-148). More common are fine sandstone 
at 
exhibit ing small-scale cross-bedding or coarse s i l t s t o n e . These aresj(be$t 
may represent swale-f i l l deposits laid down as ve r t i ca l accretion load 
at high s t rea t stages when flood waters submerge the accretlonary bars 
(F isk , 1944; Doeglas, 1962). As stated ea r l i e r the succeeding thin units 
of carbonaceous s i l t s t o n e , shale and coal may represent a coal forming 
environment in a body of stagnant water developed in the a l luv ia l flood 
plain In response to internal or more probably due to external factor 
(subsidence). Lenticular and discontinuous nature of tVe carbonaceous 
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bodies may suggest that the coal formina environment developed locally 
in a part or parts of the flood plain. 
The dominance of coarse grade member over fine grained member in the 
Barakar sedimentary cycles may be appropriately explained by envisioning 
streams of low channel sinuosity. Paucity of over-bank deposits, as in 
the Barakar formation, has been recognised in alluvial flood plains 
particularly those drained by streams of low channel sinuosity similar to 
braidcid streams (Doeglas, 1962; Allen, 1965b). Likewise, Schumm (1963) 
has demonstrated that whereas fine clastic sediment (fine sand, silt and 
clay) can be correlated with streams of greater channel sinuosity, medium 
to coarse sand are characteristic of streams of low channel sinuosity. 
It is possible that anabranching channels of the Barakar streams altered 
position across the flood plain with rapidity, so keeping flood plain 
relief low and minimising the extent of overbank deposition. Paleocurrent 
study of the Barakar sandstone reveals a somewhat variable current pattern 
at lower sampling levels of exposure and sector (4.8 sq km). However, the 
current pattern is more organised and distribution mostly unimodal at 
higher sampling areas, namely, subarea of about 60 to 70 sq km (Vector mean 
329°; 329°; 335°) and formation (Vector mean 330°); the variability at 
these levels is also persistently low (Average variance at subarea level: 
1538; total variance at formation level: 1437). Many workers (Tanner, 
1955; Hamblin, 1958; Potter and Pettijohn, 1963; Allen, 1966; Selly, 
1968) studying ancient and modern fluvial sediments have inferred that 
smaller variability in current vector is displayed by deposits of low 
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sinuosity current pattern, Allen (1968) and Hamblin (195B) have sketched 
stream patterns and their deviation around mean direction for channels of 
low sinuosity (braided) and high sinuosity (meanderinq); the standard 
deviation for these streams, respectively is 60 (variance 3600) and ^^ 
(variance 6889). 
Thus, poor developement of topstratum deposits in the Barakar strata as 
wel] as the fact that the total variance for current vectors (cross-beddinq 
dip azimuth) in these sandstone is in the order of 1437, are features which 
reveal perhaps conclusively, that the bulk of ihe sediment in the Barakar 
basin of the study area were laid down by a system of streams characterised 
by low channel sinuosity perhaps similar to that of braided streams. The 
study further reveals that the streams flowed across the basin predominantly 
towards the northwest direction (qrand vector mean 330 ). Occurrence of 
fossil wood fragments oriented northwest-southeast in the Barakar sandstone 
suggests that occasionally ti-ee trunks were transported onto the depositional 
site and buried along with the sediment. Fig. 41 is a schematic block 
diagram showing the possible pattern and regimen of Barakar streams in the 
Pench Valley coalfield. 
2.222 Motur Formation 
As postulated by several workers (Fox, 1931; Pascoe, 1959) and observed in 
this study,there is evidence of disconformity between Barakar and the 
overlying Motur. The basal lithologic unit of the Motur formation exposed 
locally is a lenticular body of conglomeratic very coarse to coarse 
feldspathic sandstone; it is poorly sorted, devoid of sedimentary structures, 
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and includes as a dominant, composition subangular to angular feldspar 
fragments as large as 5 cm. The available sedimentary characters of 
feldspathic conglomeratic unit are in several ways similar to those of 
a l luvia] fan deposits (Blissenbach, 1952; Allen, 1965b). Paucity of 
SHch outcrops in the study area hampers a precise and more elaborate 
interpretat ion for these rocks. Hov^ever, i t is generally believed that 
stream-floods heavily charged with debris or debris flows af ter thunder-
storm in the hinterland are the most important of the agents which build 
up the fans (Beaty, 1963). In any case deposits of this nature heralded 
the Motur sedimentation in th is part of the Satpura basin. 
The fine pebbly to coarse and medium sandstone representing the coarse 
grade member of the cyclic units of Unit A of the Motur formation are 
elongated s t ra ight to curved in shale and lent icular to m u l t i - l a t e r a l . 
The geometry of these sandstone, the large scale cross-bedding they 
abundantly exhibi t , as well as the i r re lat ionship with the overlying 
thick f la t sheets clay/mudstone are features comparable to those of 
point-bars formed by la te ra l accretion deposits in a meandering stream 
(Allen, 1964, p . 169, 1965b, p . 138-139; Pet t i john, 1962b.p.1482). 
Likewise, the geometry, l i thologic and sedimentary characters and red and 
green colour of the composite sequence and of the overlying assemblage 
of clay/mudstone are typical of overbank deposition in meandering streams. 
In the composite sequence rapid ver t ica l interbedding of coarse with fine 
sediments and the i r l en t icu la r i ty are features character is t ics of levee 
deposits in the fluvial domain (Fisk, 1944, 1947; Shantzer, 1951; 
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B. Anderson, 1961; Allen, 1965b; Allen and Friend, 1968). The scale of 
interbedding, however, is dependent upon size of the levees and the grade 
of sediments made available by the stream (Allen, 1965b). Repeated 
submergence of the overbank area and intermit tent deposition thereon 
during floods may explain the development of levees during floods. Red 
and green clay which is dominant l i thologic type in the sedimentary cycles 
of Unit A, likewise, represent topstratura deposit formed on the low lying 
flood basins mainly by accumulation of suspended load. The red colour of 
the fine e las t i c s (clay/raudstone) implying deposition in oxidising 
environment has been reported to be one of the diagnostic features of 
deposits laid down by high sinuosity streams (Friend, 1966; Moody-Staurt, 
1966). 
A s t a t i s t i c a l l y designed paleocurrent study of the Motur sediments of 
lower Unit A generally shows a bimodal d is t r ibut ion of current vectors 
at smaller exposure and sector levels , a uniraodal d is t r ibut ion at subarea 
levels and well-developed fan shaped dis t r ibut ion at the formation level . 
The study reveals that the Motur sandstones in the Pench Valley coalfield 
were transported from southeast to northwest by a system of currents which 
exhibited s ignif icant ly a higher var iab i l i ty of current vectors in smaller 
(average variance at sector level 3025) as well as at the formation sampling 
level ( to ta l variance 6529). Indeed unimodal d is t r ibut ion and a higher 
va r i ab i l i t y of current vectors in a f luvial environment in the range of 
about 6529 is to be expected of meandering r ivers (Hamblin, 1958, Fig.28; 
Allen, 1968; fig. 540b; Selly, 1968, p . 102). A predominantly northwest 
direct ion (grand vector mean 344 ) has inferred for the meandering system 
of currents which deposited the Motur sediments (lower Unit A) in the 
study area (Fig. 21) . However, for local overbank flows which resulted 
in the topstratum deposits exhibit ing small-scale cross-bedding, the 
current pattern was oblique and in places at r ight angles to the predominant 
current pattern (Fig. 21). Incidentally, more or less similar flow pattern 
developed during the deposition of overbank sediments of the Barakar 
formation. Fig. 42 is a perspective block diagram to i l l u s t r a t e deposition 
of the interbedded sequence of lower unit of the Motur formation by a system 
of meandering r i v e r s . 
The cyclic Unit B of the Motur formation consists pre-dorainantly of coarse 
grade member mainly represented by fine pebbly conglomeratic sandstone (I) 
and coarse to medium sandstone ( I I ) both profusely cross-bedded and 
moderately to moderately well sorted. The l i thologic and sediment characters 
which are by and large similar to those of coarse grade member of the 
Barakar cyclic sequence may represent deposition as channel (? braid)-bar , 
an inference also corroborated by lower value of t o t a l variance (2435) of 
current vector (cross-bedding dip azimuth). A schematic diagram of the 
depositing currents for Unit B of the Motur formation appears in Fig. 42. 
3.0 TECTONIC AND CLIMATIC CONTROL IN THE EVOLUTION OF LOWER 
GONDWANA SEDIMENTATION 
The concensus reached in recent years is that although sedimentation is 
affected by many factors the most fundamental is tectonic (Krynine, 1942, 
1948; Pet t i john, 1943; Dapples et a l . , 1948). Tectonics has a d i rect 
effect on r e l i e f and hence on the r a t e of erosion and thereby exerts an 
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important control over the kind of sedimentary products, or, in other 
words, on sediment maturity. Precisely, however, the maturity of clastic 
sediment is determined by the balance between tectonism (relief and the 
rate of erosion) and climate (the rate of weathering) (Pettijohn, 1957a, 
p. 510). Also a function of tectonism is the rate of sedimentation 
including rate of supply and rate of subsidence. 
The feldspar content of sandstone is the most useful index of sediment 
maturity. Further, it is now an accepted belief that arkoses and immature 
feldspar sands owe their feldspar content to interruption or retardation 
of the weathering processes in the source region. The escape of feldspar 
from the area of provenance is prompted by a rigorious climate - either 
extreme cold or extreme arid - or by exceptionally high relief. Krynine 
(1942) and subsequently Folk (1961, p.81) dealt with this problem critically 
and at length. They examined the characters of feldspar - their size, 
roundness and degree of weathering particularly in grains of the same 
species - as also those of 'associated quartz, and on the basis of their 
relationship presented a tectonic, physiographic and climatic interpretation. 
These coijclusions have been represented schematically by a diagram (Folk, 
1961, p. 82) which is reproduced in Fig. 42. In addition, Hubert (I960, 
1962) emphasised the role of zircon-tourraaline-rutile index in determining 
maturity of sediments. The higher the value of ZTR the greater the maturity 
of sediments. 
Detrital feldspar forms an important constituent of all the Lower Gondwana 
sedimentary rocks of the study area which are predominantly feldspathlc and 
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mineralogically immature and locally submature. Among the characters of 
feldspars, there are some, typical for each formation, which may provide 
vital clues for interpreting the tectonic and climate control during the 
Lower Gondwana sedimentation in the study area. A contributing evidence 
particularly in regard to relief and tectonism may be provided by ZTR index, 
The Talchir deposits of the study area, which have been attributed to 
glacial origin, are fairly rich in feldspar (average 39.2 per cent) and 
exhibit a low ZTK Index (average 3.5 per cent), implying the dominance 
of immature debris released from source area. The bul'c of the feldspar 
in these rocks, particularly in diamlctites, occur in about the same size 
range as that of quartz. Generally feldspar of the same species show a 
mixture of fresh and partially weathered grains, the former generally being 
in excess of the latter. Apparently a rigorous cold (frigid) climate 
rather than relief may have been a dominant factor in the derivation of 
immature feldspathic debris for the Talchir strata, as also in producing 
feldspar and associated quartz showing characters similar to those referred 
to above. Weathered feldspars in these deposits may have developed in the 
source area under teraperate/warra and humid climate which may have preceded 
the incoming glacial climate as also perhaps during the warmer and humid 
interstadial period. 
The role of tectonism was apparently limited to controlling isostatic 
adjustments particularly during the course of glacial and interstadial 
sedimentation. 
The uppermost subdivision of the Talchir formation, namely, the Unit D 
comprises pebbly and cobbly feldspathic conglomerate at the base. It 
lies disconformably above the uppermost shale (subunit C^) of the Talchir 
diariictite sequence, and is about 48 ra thick. Besides pebbles and cobbles 
of granite and granite gneiss, it comprises angular to sub-anqular fragments 
of feldspar and quartz as large as 4 mm. Feldspar forms an admixture of 
fresh and decomposed grains. It is not unlikely that the deposition of 
the uppermost Talchir shale (sub unit C«) of the last interstadial (post-
glacial) period was followed by an uplift which may have been instrumental 
for the withdrawl of shore line from the area as referred to earlier as 
also for the influx of gravelly feldspathic immature debris on to the 
depositional site. 
The bulk of the Barakar sandstone are likewise feldspathic and mineralogically 
imnature (average maturity index R.6; average ZTR Index 31 per cent), the 
feldspar comprising on the average about 14 per cent of the rock. Although 
feldspar and associated quartz may occur in about the same size range, 
feldspar grains larger than quartz are quite common particularly among 
coarse grade sandstones and may include fragments as large as 4 to 2 mm. 
Similarly, feldspar in general and of the same species may be fresh as well 
as weathered; the former (fresh variety), however, far exceeds the latter. 
Significantly, even the larger fragments of feldspar are subangular to 
angular and so are the bulk of feldspar and quartz. The above characters 
of the feldspar and the associated quartz, the dominance of coarse 
feldspathic sandstone in the Barakar formation, and the fact that the 
strata represent deposition in an alluvial flood plain suggests that high 
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relief, possibly rugged, rather than rigorious climate (cold or arid) 
controlled derivation of feldspathic suite from the source area (Folk, 
1961, p.82). Apparently high relief and hence tectonism was maintained 
throughout the Barakar sedimentation. Furthermore, a smaller thickness of 
Barakar strata about 120 m In the study area may call for a generally 
slower rate of subsidence. This phenomenon may likewise account for a 
somewhat steeper gradient of the depositional floor and hence the inferred 
braided pattern of Barakar streams, as also for the better sorting of 
the sandstone and paucity of fine elastics. The role of climate may have 
been relatively less important during the Barakar sedimentation, nevertheless 
it perhaps contributed particularly in producing partially decomposed 
feldspars. There is no positive evidence for inferring climate during 
Barakar times but several workers (Oldham, 1893; Fox 1931; Pascoe, 1959; 
Wadia, 1961; Ghosh and Bandyopadhya, 1967; Ghosh and Hitra, 1970) without 
citing specific evidence in support, have compromised over humid and warm 
climate during Barakar time, apparently because of the abundance of 
glossopteris and gangamopteris and other flora and coal seams. Indeed, 
feldspar from the Barakar strata of the study area provided little evidence 
in support of the above contention, and in fact lack of heavily weathered 
feldspar would tend to rule out the humid and warm climate. A more likely 
alternative may be in favour of temperate climate for the bulk of the 
Barakar strata. Recently, Krishnan (1968, p. 278) on the basis of flora 
and decomposed and undecomposed feldspar, has also favoured a "cold and 
temperate" climate for the Barakar rocks in general. 
A possible disconformity between the Barakar and Motur formations in the 
study area is suggestive of a pause in sedimentation. This feldspathic 
conglomeratic sandstone occurring as discontinuous lent icular bodies at 
the base of the Motur formation, and interpreted as a l luv ia l fans, may 
have been deposited after a brief transport in i r regular depressions 
developed on the upper surface of Barakar s t r a t a during the period of 
deposit ional break. In the succeeding assemblage of lower Unit A comprising 
the repe t i t ive sequence of fining upward cycles , feldspathic coarse grade 
members l ike those of Barakar mineralogically immature (average maturity 
index 4.8) and contain an appreciable proportion of unstable heavy mineral 
(average ZTR 23.6 per c en t ) . Also feldspar and quartz exhibit characters 
by and large similar to those of Barakar. The above characters may indicate 
tha t the source area at best maintained r e l i e f a l l through the Motur 
sedimentation. However, unlike Barakar, in the lower Unit A fine grade 
member of red and green clay dominates over coarse grade member, by and 
large the assemblage exhibits sedimentary characters and a pat tern of 
paleocurrents which strongly favour deposition by a system of meandering 
stream. Furthermore, greater thickness of th is s t ra ta (600 ra, see Chandra, 
1971) and by and large poor sor t ing of coarse grade sandstone member may 
suggest a greater subsidence as also perhaps rapid ra te of sedimentation - both 
being a function of tectonism, the rapidly subsiding basin may account for 
the meandering pattern of the Motur streams during the deposition of lower 
Unit A. Also i t is not unlikely that following the Barakar sedimentation 
the " fa l l line" separating the depositional basin and the source area may 
have receded farther south as a r e su l t of continuous erosion. The Upper 
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Unit B of the Motur formation which is faulted against the lower Motur is 
similar to Barakar strata in that the coarse grade feldspathic sandstone 
is the predominant cyclic unit, top stratum fine elastics are poorly 
developed implying for a depositional system of low channel sinuosity more 
like braided streams. Significantly there is an appreciable decrease in 
the ZTR index from 30.7 per cent in the upper part of lower unit A to 
21.5 per cent in upper Unit B of the Motur formation. A renewed uplift 
of the adjoining landmass, following the deposition of lower Unit A, is 
not unlikely, and, perhaps it was in response to this uplift, that the 
gradient of the basin became relatively steeper and consequently the 
inflowinq stream acquired more or less a braided pattern producing the 
deposits of upper Unit B. 
Indeed there is no evidence of 'arid' climate during Motur times as suggested 
by some workers (Oldham, 1893; Fox, 1931; Pascoe, 1959; Wadia, 1961; 
Ghosh and Bandyopadhya, 1967). On the other hand the occasional presence 
of heavily weathered feldspars may imply humid and warm climate. 
In summing up, there is evidence of tectonism resulting in rugqed relief 
preceding the deposition of upper Unit D of the Talchir formation. Thereafter 
evidence of renewed uplift is not so marked until the beginning of deposition 
of the upper Motur B. There is aoparently no conclusive evidence for the 
Lower Gondwana climates except perhaps for the Talchir deposits which 
possibly represent alternating frigid (glacial) and warmer (interstadial) 
climate. However, evidence based on the texture and weathering of 
feldspars may by and large suggest that the Lower Gondwana climate in the 
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study area ameliorated gradually from cold and glacial in Talchir 
times, cold and temperate during Barakar and humid and warm during Motur 
times, a sequence diagramatically shown in Fig. 42. 
CHAPTER VIII 
CONCLUSIONS 
Geological mapping of the Lower Gondwana rocks of the Pench Valley coalfields 
has confirmed the broad strati graphic sequence established by Fox (1934). The 
assemblage, about 900 to 1200 m thick in the study area, is represented 
broadly by three formations: Talchir (IfiO to 240 m), Barakar (90 to 120 ra) 
and Motur (675 m), in ascending order. The oresent study has, in addition, 
recognised in the Talchir formation three maopable diamictites (Units A, B 
and C), associated fine elastics of sandstone and shale subunits), and an 
uppermost assemblage of conglomerates, sandstone and shale called herein as 
transitional zone (Unit D ) . Likewise, two well developed manpable units 
(members) have been recognised in the Motur formation: (1) Lower Unit A 
correspondinq to the "Motur formation" of Fox; (2) Upper Unit B earlier 
interpreted as the Barakar formation. 
Paleocurrent study of the Lower Gondwana sedimentary rocks of the Pench 
Valley coalfield reveals that the depositing agencies advanced into Pench 
Valley basin persistently from the southeast to the northwest direction and 
the paleoslope remained practically unchanged throughout the deposition of 
the sequence. Lithologfc and petrograohic studies of the rocks reveal that 
for the three formations the bulk of the debris was derived from granitoid 
and pegmatitic rocks and a part from supracrustal and basic rocks. The 
above complex of source rock is presently exposed to the south and southeast 
of the study area (Fig. 39 ). 
The earliest sedimentation history of tbe available Lower Gondwana rocks 
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in this area is marked by the subaqueous (? marine) deposition of the 
tlllite Units A (lower), B (middle) and C (upper) by glaciers which 
alternately advanced and receded at least three times. The lower tillite 
(Unit A) and much of the middle and upper tillites (Units B and C) are 
massive and include esker like sand and conglomerate bodies and show ice 
contact features like soft sediment pavement possibly reoresenting 
deposition directly by wet-base glaciers on the grounded shelf zone. 
Occasional ponding of subglacial streams may have resulted in the deposition 
of varve-like lamination of siltstone and clay locally occurring in the 
tillite Unit C. The tillites in the lower part of Unit B and the Upper 
part of Unit C partially stratified and contain random patches of grouped 
clasts; these may represent depositions near the inner margin of floating 
ice-shelf zone possibly during periods of higher water (? sea) level. 
Exceptionally, a small thickness of tillite succeeding the partially 
stratified tillite of Unit B contain twisted sandstone fragments of the 
underlying substrate suggesting deposition by subaqueous mass movements 
which may hsve been generated by ice shoving possibly near the inner 
margin of grounded shelf zone. 
Apparently the withdraw! of each ice sheet was followed by a corresponding 
interstadial period during which, as shore line had relatively advanced 
(transgressed), a variable assemblage of green sandstone and green shale 
were deposited. Embedded in laminated green shale of the interstadial 
deposits are some striated clasts representing deposition from rafted 
chunks of ice. The uppermost assemblage of the Talchir formation, called 
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t rans i t iona] zone (Unit D) comprises a fim'ncf upward sequence of conglo-
merate, sandstone and shale and res ts above the preceding green shale with 
a marked dlsconformity. The conglomerate and sandstone of Unit D are 
profusely cross-bedded and rich in angular, fresh and decomposed feldspars. 
A tectonic uplift in the source area, producing a rugged re l i e f , may have 
been instrumental in the final withdrawl of shore line from the study area 
and for providing coarse feldspathic debris for the Unit D. This unit 
exhibits a l i thologic sequence and sedimentary characters closely similar 
to those of the f luvio-glacial deposi ts . 
The fluvio-glacial environment which terminated the Talchir sedimentation 
gradually paved the way for the deposition of coal bearing Barakar 
sediments. 
Indeed the Pench Valley basin was by now an extensively developed a l luv ia l 
plain drained by a system of streams of low channel s inuosi ty, more like 
braided streams, along a general slope from southeast to northwest. Kost 
coarse grade members of the Baraksr sedimentary cycles represent characters 
s imilar to la teral accretionary chahnel (? braid) bars , poorly developed 
fine grade members are par t ly swale- f i l l and par t ly overbank deposi ts . 
This carbonaceous shale and coal often forming the upper oart of a sedimentary 
cycle may represent a coal forming environment of stagnant water developed 
in the a l luv ia l floor plain in response to internal or more probably to 
external factor (subsidence). Inasmuch as the paucity of fine e l a s t i c s is 
a noteworthy feature of the Barakar sedimentary cycles, i t is possible 
tha t anabranching channels of the Baraknr stream al tered position across 
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the flood plain with rapidity, so keeping flood plain relief low and 
mininiisino the extent of overbank deposition. Apparently, channel 
wandering, rather than tectonisra controlled develooment of sedimentary 
cycles. The vertical repetition calls for a recurrence of appropriate 
depositional environments across the basin and through time during thei 
deposition of Barakar sediments. Relief in the source area was apparently 
maintained throughout the Barakar sedimentation, the rate of subsidence 
in the basin was apparently low. Both these factors which are features 
of tectonism may account for the braided pattern of the Barakar streams 
in the Pench Valley basin. The presence of a mixture of fresh and 
partially altered feldspar, their angular to subangular character similar 
to that of associated quartz, may, however, imply that cold-temperate 
climate along with relief may have controlled the derivation of feldspathic 
debris. 
A possible disconformity between Barakar and Hotur formations is suggestive 
of a depositional break. Onset of Motur sedimentation was apparently 
preceded by deposition of gravelly feldspathic debris perhaps in the regular 
depressions developed in the upper surface of Barakar strata. Angular 
fragments of feldspar which abound the debris imply a brief transport 
apparently during intermittent periods of thunderstorm in the hinterland. 
The succeeding assemblage of the lower Unit A of the Motur formation 
comprises fining - upward - sequence in which, unlike Barakar, fine grade 
member of red and green clay dominates over the coarse grade member. 
Apparently the stream regimen changed during the deposition of lower unit A; 
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the lithology and sediment character of the assemblaqe as also the 
palaeocurrent analysis indicate that the Pench Valley basin was now 
drained by a system of streams which had greater sinuosity like that of 
meandering streams. Perhaps greater subsidence, resulting in greater 
thickness of the strata (600 ra), also rapid rate of deposition, reflected 
in the overall poor sorting of coarse grade member may account for the 
meandering pattern of the Motur streams during the deposition of the 
lower Unit A. Also it is not unlikely that follovjing the Barakar sedi-
mentation the "fall line" may have receded farther south as a result of 
protracted erosion. The upper Unit B of the flotur formation which is 
faulted against the lower Unit A is similar to Barakar strata in most 
respects except that it is barren of coal. Tmplicitely the depositing 
agencies in the case of Motur B were once again the streams of low channel 
sinuosity more like braided streams. A relatively steeper gradient of 
the depositional basin, perhaps in response to a renewed uplift following 
the deposition of lower Unit A, may account for the inferred braided 
pattern of the flowing streams. Indeed there is no evidence of arid 
climate as postulated by some early workers. However, the occasional 
presence of heavily weathered feldspars may imply humid and warm climate. 
In summing up, although the Lower Gondwana sedimentation in the Pench 
Valley basin was marked possibly by a few brief interruptions, neither 
the paleoslope nor the source area changed markedly and significantly. 
Indeed the depositional agencies and sedimentary environments changed 
systematically through time; subaqueous (? marine) glacial (Talchir 
diamict i te sequenre) -^f luvio-glacial ( t r ans i t iona l Uiit D) -^a l luv ia l 
plain of braided rivers (Barakar) —^alluvial plain of meandering r ivers 
(lower Motur), and fal l ing back to a l luv ia l plain of braided r ivers 
(Upper Motur). Likewise, the Lower Gondwana climate in the study area 
ameliorated gradually from frigid and glacia l for the Talchir deposits , 
cold and temperate for Barakar and humid and warm for the Motur s t r a t a . 
c '^  
I 
REFERENCES 
Aalto, K.E., 1971, Glacial marine sedimentation and strat igraphy of 
the Toby Conglomerate (Upper Proterozoic) , Southeastern Bri t ish 
Columbia, Northwestern Idaho, and Northeastern Washington; 
Can. Jour.Earth Sc i . , v. 8, p . 753-787. 
Ackerman, E . , 1951, GeroUton: Geol. Rundschau, v. 39, p . 237-239. 
Ahmad, F . , 1957, Observations on the Umaria marine bed: Geol. Surv. 
India R e c . v. 84, p . 469-476, 
1961, Palaeogeography of the Gondwana period in Gondwanaland 
with special reference to India and i t s bearing on the theory 
of continental d r i f t : Geol; Surv. India Mem., v. 90, p.1-142. 
Allen, J .R.L. , 1963a, Asymmetrical r ipp le marks and the origin of 
water-laid cosets of c ros s - s t r a t a : Liverpool Manchester Geol. 
Jour . , V. 3, p . 187-236. 
1963b, The c lass i f ica t ion of c ros s - s t r a t i f i ed un i t s , with 
notes on the i r or igin: Sedimentology, v. 2, p . 93-114. 
1963c, Henry Clifton Sorby and the sedimentary s t ructures of 
sands and sandstones in relat ion to flow conditions: Geol. en 
Mijnbouw, v. 42, p . 223-238. 
1964, Studies in f l uv i a t i l e sedimentation : six cyclothems 
from the Lower Old Red sandstone, Anglo-Welsh Basin: Sedimentology, 
v . 3 , p . 89-108. 
1965a, Fining-upwards cycles in a l luv ia l successions: Liverpool 
Manchester Geol.Jour., v. 4, p . 229-246. 
1965b, A review of the origin and charac te r i s t i c s of Recent 
a l luv ia l sediments: Sedimentology, v. 5, p . Ql-191. 
1966, On bed-forms and paleocurrents: Sedimentology, v. 6, 
p . 153-190. 
1968, Current Ripples: their Relations to patterns of water 
and sediment motion. North Holland, Amsterdam, 433p. 
Allen, J.R.L. and Friend, P.F., 1968, Deposition of the Catskill facies, 
Appalachian Region: with notes on some other Old Red Sandstone 
Basins: Geol. Soc. America, Special paper, 106, p. 21-71. 
2 uT 
American Commission on Strat igraphic Nomenclature, 1961, Code of 
s t ra t lgraphic nomenclature: Amer. Assoc. Pe t ro l . Geol. Bu l l . , 
V. 45, p . 645-665. 
Anderson, B. , 1961, The Rufiji Basin, Tanganyika 7. Soil of the 
main i r r igable areas : Govt. Tanganyika Report, Prelim. Reconnai-
ssance Survey, Rufiji Basin, 125p. 
Augustinus, P.G.E.F. and Riezebos, H.Th, 1971, Some sedimentological 
aspects of the f luvioglacial outwash plain near Soesterberg 
(The Netherlands): Geol. en Mijnbouw, v. 50, p . 341-34B. 
Baksi, S.K., 1967, On the paleobotanical biostrat igraphy of the 
Gondwana rocks of India: lOGS Symposium on Gondwana s t ra t igraphy, 
Buenos Air ies , p . 123. 
Ba l l , v . , 1877, Geology of the Rajmahal h i l l s : Geol. Survey India, Mem., 
V.13, p t . 2 . 
Banerjee, I . , 1960, Stratigraphy and sedimentation in the south 
Karanpura coalf ie ld , Bihar: Quart. Jour. Geol. Min. Met. Soc. 
India, v. 32, p . 189-203. 
1963, Trends of sedimentary dif ferent ia t ion in Barakar 
sandstones of the south Karanpura coal f ie ld , India: Jour. 
Sedimentary Petrology, v. 33, p . 320-332. 
1966, Turbidites in a g lac ia l sequence: A study from the 
Talchir Formation, Raniganj coalf ie ld , India: Jour. Geology, 
V. 74, p. 593-606. 
Bar re t t , P . J . , 1965, Geology of the area between the Axel Helberg and 
Shackleton g lac ie rs . Queen Maud Range, Antarctica: New Zeland 
Jour. Geology and Geophysics, v. 8, p . 344-;370. 
1970, Paleocurrent analysis of the mainly f luv ia t i l e Permian 
and Treassic Beacon Rocks, Beardmore Glacier Area, Antarctica: 
Jour. Sedimentary Petrology, v. 40, p . 395-411. 
Beaty, C.B., 1963, Origin of a l luv ia l fans. White Mountains, California 
and Nevada: Assoc. Amer. Geographers Annals, v. 53, p . 516-535. 
Bersier , A., 1958, Examples de sedimentation cyclothematique dans 
I'Aquitanien de Lausaune: Ecolae Geol. Hel, v . , v. 51, p . 842-853. 
Blanford, W.T., Blanford, H.F. and Theobold, William, JR., 1856, The 
geological s t ructure and re la t ions of the Talchir coalfield in 
the d i s t r i c t of Cuttack: Geol. Survey India Mem., v . l , p . 33-fl9. 
2 i i : 
Bla t t , H. and Chr is t ie , J.M., 1963, Undulatory extinction in quartz of 
igneous and metamorphic rocks and i t s significance in provenance 
studies of sedimentary rocks: Jour. Sedimentary Petrology, v.33, 
p . 559-579. 
Blissenbach, E. , 1952, Relation of surface angle d is t r ibut ion to 
pa r t i c l e s ize d is t r ibut ion on al luvial fans: Jour. Sedimentary 
Petrology, v. 22, p . 25-28. 
Botvinkina, L.N., 1959, Morphological c lass i f ica t ion of bedding in 
sedimentary rocks : Izvestiya Akad, Sciences USSR, Geoloqic 
Serives, No. 6, p . 3-30 (English Translation by Amer. Geol. 
I n s t i t u t e ) . 
Bowen, R.L., 1967, Late Paleozoic Glaciations - The Porana Basin of 
South America: I.U.G.S. Symp. Gondwana Stratigraphy, Buenos Aires, 
p . 589-600. 
Carey, S.W. and Ahmad N., 1961, Glacial marine sedimentation: Univ. 
Tasmania, Dept. Geology Publication 87, p . 865-894. 
Casshyap, S.M., 1968, Huronian stratigraphy and paleocurrent analysis 
in the Espanola-Willisville area, Sudbury Di s t r i c t , Ontario, 
Canada : Jour. Sedimentary Petrology, v. 38, p . 920-942. 
1969, Petrology of the Bruce and Gowganda formations and i t s 
bearing on the evolution of Huronian sedimentation in the 
Espanola-Willisville area, Ontario (Canada): Palaeogeography, 
Palaeoclimatol. , Palaeoecol. , v. 6, p . 5-36. 
1970, Sedimentary cycles and environment of deposition of the 
Barakar coal measures of Lower Gondwana, India:Jour. Sedimentary 
Petrology, v.40, p . 1302-1317. 
Casshyap, S.M. and Jain, R.K., 1970, Sedimentary structures and paleo-
current analysis of the Barakar sandstone in Chirimiri (Kuraiia) 
coalf ie ld , M.P.: Jour. Geol. Soc. India, v. 11, p . 17-33. 
Casshyap, S.M. and Qidwai, H.A., 1971, Paleocurrent analysis of Lower 
Gendwana sedimentary rocks, Pench Valley coalfield, Madhya Pradesh 
( Ind ia ) : Sedimentary Geology, v. 5, p.135-145. 
Chandra, S.K., 1969, L«mellibranchs in Lower Gondwanas of North Karanpura 
coalf ie ld , Bihar: Quart. Jour, Geol. Min. 6^  Met. Soc. India, v. 41, 
p . 113-114. 
Chandra, T.K., 1971, Pench-Kanhan Valley coal f ie ld : Coal Resources of 
India: Geol. Survey India Mem., v. 88, p . 299-305. 
Z ' ! * 
Chandra, T.K. and dhosh, P.M., 1960, A report on the Geology and coal 
resources of the Pench-Kanhan valley coalf ield, Dist . Chhindwara: 
Geol. Survey India, Unpublished Report. 
Code of Strat igraphic Nomenclature of India, 1971: Geol. Survey India, 
Misc. Publication, No. 20, p . 1-28. 
Conolly, J .R. , 1965, The occurrence of Polycrys ta l l in i ty and undulatory 
extinction in quartz in sandstones: Jour. Sedimentary Petrology, 
V.35, p.116-135. 
Crowell, J . C . , 1957, Origin of pebbly mudstones: Geol. Soc. Amer. Bul l . , 
V. 68, p.993-1010. 
1964, Climatic significance of sedimentary deposits containing 
dispersed raegaclasts: in Nairn A.E.M., (Edi tor) , Problems in 
Palaeoclimatology: Interscience, New York, p . 86-99. 
Crowell, J .C. and Frakes, L.A., 1971a, Late Paleozoic Glaciation of 
Austra l ia : Jour. Geol. Soc. Austral ia , v.17, p.115-155. 
Crowell, J .C. and Frakes, L.A., 1971b, Late Paleozoic Glaciation, Part IV, 
Austral ia : Geol. Soc. Amer. Bul l . , v. 82, p . 2515-2540. 
Curray, J .R. , 1956, The analysis of two-dimensional orientation data: 
Jour. Geology., v.64, p . 113-131. 
Dapples, E.G., Krumbein, W.C. and Sloss, L.L., 1948, Tectonic control 
of l i thofacies associat ions: Amer, Assoc. Petroleum, Geologists, 
V. 32, p . 1924-1947. 
Das-Gupta, S.P., 1956, Notes on the Geology of the area around Daltonganj 
(Bihar) : Quartz.Jour. Geol. Min, & Met. Soc. India, v. 28, p.17-26. 
Dawdy, D.R., 1961, Depth discharge re la t ions of a l luvia l streams -
discontinuous rat ing curves: U.S. Geol. Survey, Water Supply 
Paper 1498-C, 15p. 
De, A.K., I960, Petrology and Provenance of Barakar sandstone in and around 
Bhurkunda, Hazaribagh d i s t r i c t , Bihar: Quart.Jour. Geol. Min. & Met. 
Soc. India, v.32, p.151-158. 
Doeglas, D.J. , 1946, Interpretat ion of the resu l t s of mechanical analysis : 
Jour. Sedimentary Petrology, v.16, p.19-40. 
1962, The s t ructure of the sedimentary deposits of the braided 
r i v e r s : Sedimentology, v . l , p.167-190. 
Dott , R.H. J r . , 1961, Squantum t i l l l t e , Massachussets-evidence of glacia-
t ion or subaqueous mass movements? : Geol.Soc.America Bu l l . , v.72, 
p.1289-1306. 
Dott, R.H., Jr., 1963, Dynamics of subaqueous gravity depositional processes 
Amer. Assoc. Petroleum Geologists Bull., v.47, p. 104-128. 
_1964, Wacke, graywacke and matrix - What approach to immature 
sandstone classification? : Jour. Sedimentary Petrology, v.34, 
p. 625-632. 
DreimanJs, A., 1959, Rapid macroscopic fabric studies in drill-cores and 
hand specimens of till and tillite: Jour. Sedimentary Petrology, 
V.29, p.469-473. 
Duff, P., Hallam, A. and Walton, E.K., 1967, Cyclic sedimentation: Elsevier, 
Amsterdam, 280p. 
Elliot, R.E., 1964, A classification of cross-stratification structures: 
Nature, v.202, p. 451. 
Fedden, F., 1875, On the evidences of "ground ice" in Tropical India 
during Talchir period: Geol. Survey India Rec, v.8, p. 16-18. 
Fiextmantel, 0., 1882, The fossil flora of the South Rewa Gondwana basin: 
Geol. Survey India Mem., Pal. Indica, v. 4(1). 
Fisk, H.N., 1944, Geological investigation of the alluvial valley of 
the Lower Mississippi river: Mississippi River Commission, 
Vicksburg, Mississippi, 78p. 
1947, Fine grained alluvial deposits and their effects on 
Mississippi river activity: Mississippi River Commission, 
Vicksburg, Mississippi, 82p. 
Flint, R.F., Ssanders, J.E. and Bodgers, J., 1960, Diamictite, a substitute 
term for Symmictite: Geol. Soc. America Bull., v.71. p.lR09. 
Folk, R.L., 1951, Stages of textural maturity in sedimentary rocks: Jour. 
Sedimentary Petrology, v.21, p. 127-130. 
1954, The disttnction between grain size and mineral composition 
in sedimentary rock nomenclature: Jour. Geology, v.62, p.344-359. 
1955, Student operator error in determination of roundness, 
sphericity and grain size: Jour. Sedimentary Petrology, v. 25, 
p. 477-491. 
1961, Petrology of sedimentary rocks : Hemphills, Austin, Texas, 
I54p. 
1966, A Review of grain s ize parameters: Sediraentology, v. 6, 
p . 73-93. 
Folk, R.L. and Ward, W.C., 1957, Brazos River Bar : a study in the signi-
ficance of grain s ize parameters: Jour. Sedimentary Petrology, 
V. 27, p . 3-26. 
Fox, C.S., 1931, The Gondwana System and related formations: Geol. 
Survey India Mem., v. 58, p. 241. 
1934, The Lower Gondwana coalfields of Tndia. Geol. Survey 
India Mem., v. 59, p. 386, 
Frakes , L.A. and Crowell , C . J . , 1967, F a d e s and Pal^eogeography of 
l a t e PalaJeozoic D iamic t i t e Falkland I s l a n d s : Geol. Soc. America 
B u l l . , V. 78, p . 37-58 . 
F rakes , L.A. and Crowell , J . C . , 1969, Late Paleozoic g l a c i a t i o n : ! . 
South America: Geol. Soc. America B u l l . , v . 80 , p . 1007-1042. 
F rakes , L.A. and Crowell , J . C , 1970, Late Paleozoic g l a c i a t i o n : I I , 
Africa exc lus ive of the Karroo Bas in : Geol. Soc. America B u l l . , 
V. 8 1 , p . 2261-2286. 
Frakes , L.A. , Amos, A . J . and Crowell , J . C . , 1967, Origin and s t r a t i -
graphy of Late Paleozoic Diamic t i t e s in Argint ina and B o l i v i a : 
I .U .G.S . Symp. Gond. S t r a t . , Buenos A i r e s , p . 821-844. 
Frakes , L.A. , de F iguc i redo , P.M. and Fu l fa ro , V., 1968, P o s s i b l e 
eskers and a s soc i a t ed fea tures from the Parana Basin, B r a z i l : 
Jou r . Sedimentary Pe t ro logy , v . 38, p . 5-12. 
F rakes , L.A. , Mathews, J . L . and Crowell , J . C , 1971, Late Paleozoic 
g l a c i a t i o n : Par t I I [ : A n t a r c t i c a : B u l l . Geol. Soc. America, v .82 , 
p . 1581-1604. 
F r a z i e r , D.S. and Osanik, A. , 1961, Po in tbar d e p o s i t s . Old River 
Locks i t e , Lousiana: Gulf Coast Assoc. Geol. T r a n s . , v . 11, 
p . 121-137. 
Friedman, G.M., 1962, On s o r t i n g s , s o r t i n g c o e f f i c i w i t s and t h e lognorma-
l i t y of the g r a i n - s i z e d i s t r i b u t i o n of sands tones : Jou r . Geology, 
V.70, p . 737-753. 
F r i end , P . P . , 1965, F l u v i a t i l e sedimentary s t r u c t u r e s in the Wood Bay 
Se r i e s (Devonian) of Sp i t sbe rgen : Sedimentology, v . 5, p . 39-68 . 
1966, Clay f r ac t ions and colour of some Devonian red beds 
in t h e C a t s k i l l Mountains, U.S.A. : Quar t . Jour . Geol. Soc.London, 
V. 122, p . 273-292. 
F u l l e r , A.O., 1961, Size d i s t r i b u t i o n c h a r a c t e r i s t i c s of shalloiv marine 
sands from the Cape of Good Hope, South Afr ica : Jour . Sedimentary 
Pe t ro logy , v . 31 , p . 256-261. 
Ganguly, S . , 1959, A note on the heavy minerals in some Barakar sandstones 
of RanigaaJ c o a l f i e l d , Hazaribagh D i s t r i c t , Bihar (Research n o t e ) : 
Quar t . Jou r . Geol. Min. Met. Soc. Ind ia , v . 3 1 , p .121-122. 
4.: • 
Ganju. P.N. and Srivastava, V.K., 1959, Pebble fabric analysis of the 
Talchir Boulder Bed in the Jharia coalf ie ld , Bihar: Jour. Geol. 
Soc. Tndia, v. 1, o. 105-115. 
Ghosh, P.K. and Bandyopadhyay, 1967, Palaeogeoaraphy of Tndia during 
the Lower Gondwana times: T.U.G.S. Symp. Gondwana Stratigraphy, 
Buenos Aires, p . 523-536. 
Ghosh, P.K. and Basu, A., 1967, Strat igraphic position of the Karharbaris 
in the Lower Gondwanas of India, T.U.G.S.Symp. Gondwana S t r a t i -
graphy, Buenos Aires, p . 405-420. 
Ghosh, P.K. and Mitra, D., 1967, Recent studies on the Talchir glaciation 
in Tndia, I.U.G.S. Symp .Gondwana Stratigraphy, Buenos Aires, 
p . 537-550. 
1970, Sedimentary framework of g lac ia l and per ig lac ia l 
deposits of the Talchir formation of India: Second Gondivana 
Symp., South Africa, p . 213-223. 
Gi lber t , G.K., 1914, The transportat ion of debris by running water: 
U.S. Geol: Survey, Professional Paoers 06, 263p. 
Gilbert , C.M., 1954, Sedimentary rocks, p . 251-384 in. Williams, N., 
Turner, F.J . and Gilbert , C.M., (Edi tors) , Petrography. Freeman, 
San Francisco, 406p. 
Gr i f f i ths , J .C . , 1967, Scient if ic method in analysis of sediments: 
McGraw-Hill, New York, 50Bp. 
Gr i f f i ths , J .C . and Rosenfeld, M.A., 1953, A further t es t of dimensional 
orientation of quartz grains in Bradford sand: Amer. Jour. Sc i . , 
V. 251, p . 192-214. 
Hamblin, W.K., 1958, Cambrian sandstones of northern Michigan: Mich. 
Dept. Conserv., Geol. Survey Div. Publication, v. 5 ] , 146p. 
1961, Micro-cross-lamination in Upper Keeweenawan sediments 
of northern Michigan: Jour. Sedimentary Petrology, v. 31, p.390-401, 
Hamilton, W. and Krinstey, D., 1967, Upper Paleozoic glacial deposits 
of South Africa and southern Austral ia: Geol. Soc. America Bul l . , 
v . 78, p . 783-600. 
Harland, 'V.B., 1964, Cr i t ica l evidence for a great Infra-Cambrian 
g lac ia t ion . Geol. Rundschan, v. 54, p . 45-61. 
Harland, W.B., Herod, K.N. and Krinsley, D.H., 1966, The definit ion and 
ident if icat ion of t i l l s and t i l l i t e s : Earth Sci. Rev., v .2, 
p . 225-256. 
t, • 
Harms, J .C. and Fahnestock, R.K., 1965, S t ra t i f i ca t ion , bed forms and 
flow phenomena (with an example from the Rio Grande): In. 
Middleton, G.V. (Edi tor) , Primary sedimentary s tructures and 
t h e i r hydrodynamic in te rpre ta t ion : Soc. Econ. Pa l . and Min. 
Special Publication 12, p.84-115. 
Harrison, P.W., 1957, A c l a y - t i l l fabric - i t s character and or ig in : 
Jour. Geology, v.65, p . 275-308. 
Hart, G.F., 1967, The s t ra t ig raphic subdivision and equivalents of the 
Karroo sequence as suggested by palinology: I.U.G.S. Symp. 
Gondwana Stratigraphy, Buenos Aires, p . 23-36. 
Heezen, B.C. and Hoolister, C , 1964, Turbidity currents and glacia t ion, 
|n. Nairn, A.E.M. (Edi tor) , Problems in Palaeoclimatology: 
Interscience, New York, p.99-107. 
Hohl, R., 1934, Zur Frage der Gerolltone, Zentr . Mineral. , Geol. 
Palaontol . , Abt., A., p . 226-229. 
Holms, C D . , 1941, T i l l fabric : Geol. Soc. America Bul l . , v.52, 
p . 1299-1354. 
Hubert, J . F . , 1960, Petrology of the Fountain and Lyons formations. 
Front Range, Colorado: Colorado School of Mines Quart. Jour . , 
V.55, p . 1-242. 
1962, A Zircon-Tourraaline-Butile maturity index and the 
interdependence of the composition of the heavy mineral assemblages 
with the gross composition and textures of sandstones; Jour. 
Sedimentary Petrology, v.32, p . 440-450. 
Hughes, T.W.H., 1885, The southern coalfields of the Rewa Gondwana Basin: 
Umaria, Korar, Joh i l l a , Sohagpur, Kurasia, Koreagarh, Jh i l r a i l l i : 
Geol. Survey India Mem., v. 2 1 . 
Hulseraann, J . , 1955, GroBripplen und Schragschichtungs - Gefuge im 
Nordseewatt und in der Molasse: Senckenbergiana, v.36, p.359-388. 
Tnman, D.L., 1952, Measures for describing the s ize d is t r ibu t ion of 
sediments: Jour. Sedimentary Petrology, v.22, p . 125-145. 
I s r a i l i , S . H . , 1967, Sedimentological studies in Palaraau coal f ie lds : 
Ph.D. Thesis, Aligarh Muslim University (Unpublished), 22» p . 
J izba , Z.V., 1953, Mean and standard deviation of certain geological 
da ta : a discussion: Amer. Jour. Sc i . , v.251, p . 899-%6. 
Jopl ing, A,v. , 1964, Laboratory study of sor t ing processes re la ted to 
flow separation: Jour. Geophys. Res., v.69, p.3403-3418. 
Kar, P . , Banerjee, A.K., and Mukherjee, K.N., 1963, Correlation of 
Coal seams of the East and west Rokaro coalfields of Bihar 
(Unpublished Report). 
Kar, P . , Banerjee, A.K., Banerjee, S.P. , and Jhala, S.V., 1964, Heavy 
mineral assenblages and the i r significance in Lower Gondv;ana 
sediments of West Bokaro coalf ie ld: In t . Geo]. Cong. 2?nd 
Delhi, 9, p . 290-302. 
Kelling, G., 196R, Patterns of Sedimentation in the Rhonda Beds of 
South Wales: Amer, Assoc, Petroleum Geologists, Bul l . , v. 52, 
p . 2359-23P6. 
1969, The environmental significance of c ross - s t r a t i f i ca t ion 
oarameters in an upper Carboniferous f luvial basin: Jour. 
Sedimentary Petrology, v. 3<?, p . 857-875. 
Kindle, E.y.. and bucher, W.H., 1932, Ripole mark and i t s in terpre ta t ion , 
in Treatise on sedimentation, 2nd ed . , p . 632-66P, Williams and 
Wilkins, Baltimore. 
Klein, G.C., 1<563, Analysis and review of sandstone c lass i f ica t ions in 
the North American geologicfil l i t e r a tu r e , 1940-1960 : Geol. 
Soc. America Bul l . , v. 74, p . 555-576. 
Knight, S.fl., 192^, The fountain and the Casper formations of the 
Larmire basin: a study of the genesis of sediments : V/yoming Univ. 
Publication Sci . (Geol . ) , 1, 82p. 
Krigstrom, A., 1962, Geomorpholoqical studies of sandur plains and 
the i r braided rivers in Iceland; Geogrof. Ann., v. 34, p.328-346. 
Krinsley, D., and Takahashi, T., 1962, Surface textures of sands grains -
an application of electron microscopy: glaciat ion: Science, 
v . i s a , p . 1262-1264. 
Krishnan, M.S., 1949, Geology of India and Burma: The Madras Law 
Journal Press, Madras, 1st ed, 544p. 
1956, Geology of India and Burma, 2nd ed, Higginbothams, 
Madras, 555p, 
I960, (5eology of India and Burma, 4th ed, Higginbothams, 
Madras, 604p. 
1968, Geology of India and Burma: 5th ed, Higginbothams, 
Madras, 536D. 
Krumbein, W.C., 1936, Application of logrithmic moments to size 
frequency dis tr ibut ion of sediments: Jour. Sedimentary Petrology, 
V. 6, p . 35-47. 
<> 
Krumbein, W.C., 1941, Measurement and geological significance of 
shape and roundness of sedimentary p a r t i c l e s : Jour. Sedimentary 
Petrology, v. 11, p . 64-72. 
1942, Flood deposits of Arroyo Soco, Los Angels county, 
California: Geol. Soc. America Bul l . , p . 1355-1402. 
Krumbein, W.C. and Pett i john, F . J . , 1938, Manual of sedimentary petrography; 
Appleton-Century, New York, 546p. 
Krumbein, W.C. and Sloss, L.L., 1963, Stratigraphy and sedimentation, 
2nd ed. Freeman, San Francisco, 660p. 
Krynine, P.D., 1942, Paleogeographic and tectonic significance of 
grayi\fackes ( abs t r ac t ) , Geol. Soc. America Bul l . , v. 52, p.1916. 
1946, The Tourmaline group in sediments: Jour. Geology, 
V.54, p . 65-fi7. 
194B, The raegascooic study and field c lass i f ica t ion of 
sedimentary rocks: Jour. Geology, v. 56, p . 130-165. 
Kuenen, Ph.H., 1951, Turbidity currents as the cause of glacial varves: 
Jour . Geol., v. 59, p . 507. 
1958, Experiments in geology: Geo]. Soc. Glasgow Trans. , v.23, 
p . 1-28. 
Lahee, F.H., 1952, Field Geology: 5th ed. , McGraw-Hil], New York, 
B83p. 
Landt L.S. and Hoyt, J.H., 1966, Sedimentation in a meandering estuary: 
Sedimentology, v. 6, p . 191-207. 
Landim, P.M. and Frakes, L.A., 1968, Distinction between t i l l s and 
other Diamictons based on textural cha rac t e r i s t i c s : Jour. Sedi-
mentary Petrology, v. 38, p . 1213-1223. 
Lane, D.W., 1963, Sedimentary environments in Cretaceous Dakota 
Sandstone in northwestern Colorado: Ame. Assoc. Petroleum 
Geologists, Bul l . , v. 47, p . 229-256. 
Leopold, L.B., and Wolman, M.G., 1957, River channel pa t t e rns : braided 
meandring and s t r a igh t : D.S. Geol. Survey Profess. Papers, 
282B, p . 39-85. 
Leopold, L.B., Wolman, M.G. and Miller , J . P . , 1964, Fluvial processes in 
Geomorphology, Freeman, San Francisco, 522D. 
Lindsay, J . F , , 1966, Carboniferous subaqueous mass-movement in the 
Manning-Macleay Basin, Kemosey, New South Wales: Jour. Sedimen-
tary Petroloqy, v. 36, p . 719-732. 
1968, The development of c las t fabric in raudflows: Jour. 
Sedimentary Petroloqy, v. 38, p . 1242-1253. 
1970, Depositional environment of Paleozoic glacial rocks in 
the Central Transantarctic Mountains: Geol. Soc. America Bul l . , 
v.RI, p . 1149-1172. 
Lindsey, D.A., 1969, Glacial sedimentology of the Precambrian Gowganda 
Formation, Ontario, Canada: Geol.Soc. America Bull, v. PO, p . 1685-
1702. 
1971, Glacial marine sediments in the Precambrian Gowganda 
Formation at White-Fish Fa l l s , Ontario (Canada): Palaeogeog., 
Palaeoclimatol, Palaeoecol. , v. 9, p . 7-25. 
Loof, K.M. and Hubert, J . F . , 1964, Sampling var iab i l i ty of Palaeo-
current cross-bedding in the Post Myrick Stat ion, Channel Sandstone 
(Pennsylvannla) Missouri: Jour. Sedimentary Petrology, v. 34, 
p . 774-776. 
Lundqvist.Gosta, 1949, The orientation of block material in certain 
species of flow ea r th : Geog. Annales H.1-2, p . 335-347. 
Mason, C.C. and Folk, R.L., 195B, Defferentiation of beach, dune, 
and aeolian f la t environments by size analysis . Mustang Islands, 
Texas., Jour. Sedimentary Petrology, v. 28, p . 211-226. 
McBride, E.F. , 1963, A c lass i f ica t ion of common sandstone: Jour. Sedi-
mentary Petrology, v. 63, p.664-669. 
Mckee, E.D., 1957, Primary s tructures iii some Recent sediments: Ame. 
Assoc. Petroleum Geologists Bull, v. 41, p . 1704-1747. 
1965, Experiments on r ipnle lamination; jji G.V.Middleton, ed . . 
Primary Sedimentary Structures and the i r Hydrodynamic interpre-
ta t ion , Soc.Econ. Paleontologists Mineralogists spec. Publication 
12, p.66-83. 
Mckee, E.D. and Weir, G.W., 1953, Terminology for s t r a t i f i c a t i on and 
c ross - s t r a t i f i ca t ion in sedimentary rocks : Geol. Soc. America 
Bull , v. 64, p . 381-390. 
Medlicott , H.B., 1873, Notes on the Satpura Coal Basin: Geol. Surv. 
India Mem., v. 10, p . 133-188. 
Medlicott, H.B. and Blanford, W.T,,1879, A manual of the geology of 
India, Published by Geol. Surv. India, Calcut ta . 
Mehta, D.R.S., 1964, Gondwanas in India : In tern . Geol. Congr., 22nd, 
Delhi, 1964, Report, 21 p . 
Mehta, D.B.S. and Murthy, B.R.N., 1957, A revision of the geology of 
coal resources of the Jharia coal f ie ld : Geol. Survey India 
Mem., V. 84, p t . l l . 
Moody-Stuart, M., 1966, High- and low-sinuosity stream deposi ts , 
with examples from the Devonian of Spitsbergen: Jour. Sedimentary 
Petrology, v. 36, p . 1102-1117. 
Moss, A.J . , 1962, The physical nature of common sandy and pebbly 
deposi ts : Part 1: Ame. Jour. Sc i . , v. 260, p . 337-373. 
1963, The physical nature of common sandy and pebbly deposits . 
Part TI: Ame. Jour. Sc i . , v. 261, p . 297-343. 
Niyogi, D., 1961, The Pattern of Talchir sedimentation in Bushai 
Gondwana Basin, Bihar: India. Jour. Sedimentary Petrology, v .31, 
p . 63-71. 
1966, Lower Gondwana in Saharjuri coalf ie ld , Bihar, India: 
Jour . Sedimentary Petrology, v. 36, p.960-972. 
Niyogi, D. and Sanyal, S.P., 1962, Gondwana rocks of Jayanti coalf ie ld: 
Geol. Min. Met. Soc. India. Quart. Jour . , v. 34, D. 1B3-193. 
Oldham, R.p. , 1893, Manual of the Geology of India: 2nd ed. Govt, of 
India Publication, Calcutta, 543p. 
Oldham, T., 1861, Additional remarks on the geological re lat ions and 
probabie geological age of the several systems of rocks in Central 
India and Bengal: Geol. Survey, India Mem., v. 3, p . 197-213. 
Olson, J . S . and Pot ter , P.E. , 1954, Variance components of cross-bedding 
direction in some basal Pennsylvanian sandstones of the Eastern 
Inter ior basin: S t a t i s t i c a l methods: Jor . Geol., v. 62, p.26-49. 
Otto, G.H., 1939, A modified logrithmic probabil i ty graph for the 
interpretat ion of mechanical analysis of sediments: Jour. Sedimen-
tary Petrology, v. 9, p . 62-76. 
Ovenshine, A.T., 1964, Glacial interpretat ion of Precambrlan 'Gowganda 
Formation, north shore of Lake Huron, Canada: Geol. Soc. Ame. 
Progr. Ann. Meeting, 146. 
Ti: 
Ovenshine, A.T., 1970, Observations of iceberg rafting in Glacier Bay, 
Alaska, and the Ident if icat ion of ancient ice-rafted deposi ts : 
Geol. Soc. America Bull , v. Bl, p . 891-894. 
Pascoe, E.M., 1959, A Manual of the Geology of India and Burma, Govt, 
of India Publication, Calcutta, 3rd ed . , v. 2, 1343p. 
P e l l e t i e r , B.R., 1958, Pocono paleocurrents in Pennsylvania and 
Maryland: Geol. Soc. America Bul l . , v.69, p . 1033-1064. 
Pet t i john, F . J . , 1943, Archaean sedimentation: Geol. Soc. America 
Bui] , V. 54, p . 925-972. 
1957a, Sedimentary Rocks: Harper and Brothers, New York, 
718p. 
1957b, Paleocurrents of Lake Superior Precambrian quar tz l t es : 
Geol. Soc. America Bul l . , v. 68, p . 469-480. 
1962a, Dimensional fabric and ice flow: Precambrian Huronian 
g lac ia t ion: Science, v. 135, p . 142. 
1968b, Palaeocurrents and Palaeogeography; Ame. Assoc. 
Petroleum Geologists Bu l l . , v. 46, p . 1468-1493, 
Pet t i john, F .J . and Pot ter , P.E. , 1964, Atlas and Glossory of Primary 
Sedimentary Structure: Springer, Berl in, 370p. 
Pet t i john, F . J . , Potter , P.E. and Siever, S , , 1965, Geology of sand 
and sandstone, Indiana University Print ing Plant , Bloomington, 
Pichamuthu, C.S. , 1967, The Precambrian of India in the Geological 
Systems: The Precambrians. v. 8, ed. K. Rankama, London, 
Interscience, 90p. 
Pot te r , E.D., 1967, Sand bodies and sedimentary environments: A review, 
Ame. ^ s soc . Petroleum Geologists Bull, v. 51, p . 337-365. 
Pot ter , P.E. and Sleyer, R., 1956, Sources of basal PennsyIvanian 
sediments in the Eastern Inter ior Basin: Part 1, Cross-bedding, 
Jour. Geol., v. 64, p . 225-244. 
Po t te r , P.E. and Glass, H.D., 1958, Petrology artd sedimentation of the 
Pennsylvanian sediments in southern I l l i no i s Basin: a ve r t i ca l 
p ro f i l e : Geol. Survey I l l i no i s State Report, Invest . , 204:60p. 
Pot te r , P.E. and Pryor, W.A., 1961, Dispersal centres of Paleosoic and 
la te r e las t i cs of the upper Mississippi Valley and adjacent areas: 
Geol. Soc. America Bu l l . , v. 72, p . 1195-1250. 
/ / 
Pot te r , P.E. and Pett i john, F . J , , 1963, Paleocurrents and Basin 
Analysis: Acadamic Press, New York, 296p. 
Rao, C,N., 1956, A note on the garnets from the Lower Gondwana 
sediments of Giridih basin, Bihar: Science and Culture, v.22, 
p2 280-281. 
1957, Trends of sedimentation in Giridih Basin, Bihar: 
Jour. Sedimentary Petrology, v.27, p . 435-446. 
Rao, C.N., Niyogi, D., and Sen, D.P., 1967, Significance of Lower 
Gondwana sedimentation in Eastern Indian coalf ie ld: I.U.G.S. 
Symp. Gondwana Stratigraphy, Buenos Aires, p.701-723. 
Bao, M.P., 1953, The correlat ion of the Gondwanas (?) of the Guntur 
D i s t t . by Sedimentary Petrographic methods: Quart. Jour. Geol. 
Min. and Met. Soc. India, v. 25, p.61-74. 
Rao, M.P. and Raju, T.S. , 1968, Sedimentology of Ter t iar ies and upper 
Gondwanas of Parts of west Godavri Dis t t , Andhra Pradesh: 
Quart. Jour. Geol. Min. tind Met. Soc. India, v.40, p.73-88. 
Rao, P .v . , 1964, Geology of mineral resources of India: Intern. Geol. 
Congr., 22nd, Delhi, 1964, Report, 44p. 
Reading, H.G.and Walker, R.G., 1966, Sedimentation of Eocambrian 
t i l l i t e s and associated sediments in Finnmark, northern Norway: 
Palaeogeor. Palaeocliraatol. Palaeoecol, v. 2 , p . 177-212. 
Reed, F.R.C., 1928, A Permo-Carboniferous marine fauna from Umaria 
coal f ie ld : Rec. Geol. Survey India, v. 60, p . 367-398. 
Rittenhouse, G., 1943, Transportation and deposition of heavy minerals: 
Geol. Soc. America Bu l l . , v. 54, p . 1725-1780. 
Rizvi, S.R.A., 1970, Geology and sedimentation trends in Palamau 
coa l f ie lds , Bihar: Thesis, Aligarh Muslim University, 177o. 
(Unpublished). 
Rogers, J.J.W., 1959, Detection of lognormal size d is t r ibut ions in 
c l a s t i c sediments: Jour. Sedimentary Petrology, v.29, p.402-407. 
Rogers, J.J.W., Krueger, W.C. and Krog, M., 1963, Sizes of natural ly 
abraded mater ia ls : Jour. Sedimentary Petrology, v. 33, p.628-633. 
Roy, S.K. and Sharma, N.L., 1936, A description of heavy minerals of the 
Jharia coal measures: Quart. Jour. Geol. Min. and Met. Soc. India, 
V.8, No.2. 
4/-
Sahni, 54.R. and Srivastava, J . P . , 1956, Discovery of Eurydesma and 
Conularia in the eastern Himalayas and description of associated 
faunas: Jour. Pal . Soc. India, p . 202-214. 
S a s t r i , M.V.A. and Shah, S.C., 1964, Permian marine transgression in 
Peninsular India: 22nd In t . Geol. Conq. Rep. v.9, p . 139-150, 
Schermerhorn, L.J.G. and Stanton, W.T., 1963, Til loids in the West 
Congo geosyncline: Quart. Jour. Geol. S o c , London, v. 119, 
p . 201-241. 
Schrock, R.R., 1948, Sequence in Layered Rocks: A study of features 
and structures useful for determining Top and Bottom or Order 
of succession in Bedded and Tabular Rock Bodies. 1st ed . , 
McGraw-Hill, Inc . , 507p. 
Schunm, S.A., 1960, The effect of sediment type on the shape and 
s t r a t i f i c a t i o n of some modern f luvial deposi ts ; Ame. Jour. 
S c i . , V.258, p . 177-184. 
1963, Sinuosity of a l luv ia l r ivers on the Great p l a ins : 
Geol. Soc. America Bu l l . , v. 74, p . 10R9-1100. 
Schwarzbach, M., 1964, Cr i t e r ia for the recognition of ancient glaciat ion, 
i n : A.E.M. Nairn (Edi tor) , Problems in Palaeoclimatology: 
Interscience, Neiv York, p . Bl-fiS. 
Sedimentation Seminar, 1966, Cross-bedding in the Salem Limestone of 
Central Indiana: Sedimentology, v.6, p . 95-114. 
Selly, R.C., 1968, A c lass i f ica t ion of Paleocurrent models: Jour. Geology, 
V. 76, p . 99-110. 
Sen, D.P., 1965, A cr i t ique on the s t ra t igraphic c lass i f ica t ion of 
Gondwana rocks in India: Geos., v. 6. 
1967, Turbidite structures from Barakars of Ramgarh coalf ie ld: 
Jour. Sedimentary Petrology, v. 37, p . 
Sengupta,SJ966, Paleocurrents and depositional environments of the 
Gondwana rocks around Bhumarara: A preliminary study: Geol. Soc. 
India Bu l l . , v. 3, p . 5-8. 
1970, Gondwana sedimentation around Bheeraaram (Bhimarara,), 
Pranhita-Godavri Valley, India: Jour. Sedimentary Petrology, 
V.40, p.140-170. 
Shah, S.C., Gopal, S. and Sastry, M.V.A., 1970, Biostratigraphic c lass i -
f ication of Indian Gondwanas: In t . Gond. Symp. Aligarh, India, 
V.5, and 6, p . 306-326 (1971). 
o 
Shantzer, E.V., 1951, Alluviara of river plains in a temperate zone and 
its significance for understanding the laws governing the structure 
and formation of alluvial suits: Tr. Tnst. Geo]. Nauk, Akad. 
Nauk, S.S.S.R., Geol.Ser., v. 135, p. 1-271. 
Shukla, R.T., 1968, A contribution to the stratigraphy of the Lovjer 
Gondwanas of the Kanhan Valley area, Distt. Chhindwara, H.P.: 
Jour. Hin. Geol. Met. Fuel, p.171-177. 
Shukla, B.T. and Rai, K.L., 1970, A study in sedimentary petrography of 
Lower Gondwana sandstones in Kanhan Valley area with special 
reference to their heavy mineral assemblage: Int. Gond.Symp. 
Aligarh, India, v. 5 and 6, p. 264-282 (1971). 
Simons, D.B. and Richardson, E.V., 1961, Forms of bed roughness in 
alluvial channels; Proc. Ame. Assoc. Civil Engrs., Jour. 
Hydraulic Div., v. 87 (2816) p. 87-105. 
Simons, D.B, and Richardson, E.V., 1962, The effect of bed roughness 
on depth discharge relations in alluvial channels: U.S. Geol., 
Survey, Water Supply Paoers, 149PE, 26p. 
Simons, D.B., Richardson, E.V. and Nordin, C.F. Jr., 1965, Sedimentary 
structures generated by flow in alluvial channels, in Middleton. 
G.V. ed.. Primary sedimentary structures and theitr hydrodynamic 
interoretation: Soc. Eco. Palaeontologists and Mineralogists, Special 
Publication, 12. p. 34-52. 
Smith, A.J,, 19639, Evidence for a Talchir (Lower Gondwana) glaciation: 
striated pavement and boulder bed at Irai, Central India: Jour. 
Sedimentary Petrology, v. 33, p. 739-750. 
1963b, A striated pavement beneath the basal Gondwana on the 
Ajay river, Bihar: Nature, 198, No. 4883, p. 880, 
Sneed, D. and Folk, R.L., 1958, Pebbles in the Lower Colorado river, 
Texas: A study in Particle morohogenesis: Jour. Geology., v.66, 
p. 114-150. 
Sorby, H.C., 1859, On the structures produced by the currents present 
during the deposition of stratified rocks: Geologist, v.2, 
p. 137-147. 
1908, On the application of quantitative methods to the study 
of the structure and the history of rocks: Quart. Jour. Geol. 
Soc. London, v. 64, p. 171-232. 
Spencer, D.W., 1963, The interpretation of grain size distribution 
curves of clastic sediments: Jour. Sediment. Petrology, v.33, 
p. 180-190. 
28^ 
Srivastava, V.K., 1961, Petrography, fabric analysis and origin of 
the Talchir Boulder Bed in the Daraodar Valley coal f ie lds . Thesis, 
Aligarh Muslim University, 135p (Unpublished). 
Stanley, D.J. , 1965, Heavy minerals and provenance of sands in Flysch 
of Central and Southern French Alps: Ame. Assoc. Petroleum 
Geologists Bull, v. 49, p . 22-40. 
Straaten, L.f.l.J.U. Van, 1954, Composition and s t ruc ture of recent marine 
sediments in the Netherlands: Leidse Geol. Meded., v. 19, llOp. 
Stokes, W.L., 1953, Primary sedimentary trend indicators as applied to 
ore finding in the Carizzo Mountain, Arizona and Netv Mexico: 
U.S. Atom. Energy Comm., No. 3034, 4ap. 
Sundborg, A., 1956, The r iver Klaralven: a study of f luvial processes: 
Geograf. Ann., v. 38,' p . 127-316. 
Tanner, W.F., 1955, Paleogeographic reconstruction from cross-bedding 
s tud ies : Am'. Assoc. Petroleum Geologists Bu l l . , v. 39, p.2471-2403, 
1959, Sample components obtained by the method of differences: 
Jour . Sedimentary Petrology, v. 29, p . 40fi-411. 
Thomas, G.A., 1954, Note on the correlat ion of the Umaria fauna (Abstract); 
Pan. Ind. Ocean. Sci . Congr., Perth. 
Twenhofel, lif.H., 1950, Princioles of sedimentation: McGraw-Hill, New York, 
673p. 
Visher, G.S., 1965, Fluvifil processes as interpreted from ancient and 
recent f luvial deposits , p.116-132, Jjj^  Middleton, G.V., ed . . 
Primary Sedimentary structures and the i r hydrodynamic interpretat ion; 
Soc. Econ. Paleontologists and Mineralogists, Spe. Publication, 
No. 12, 265D. 
1969, Grain size dis t r ibut ions and depositional processes: 
Jour. Sedimentary Petrology, v. 39, p . 1074-1106. 
Vredenburg, E., 1910, Summary of Geology of India: 2nd ed, 3B6p. 
Wadia, D.N., 1961, Geology of India,3rd edition ( revised) , Mcmillan, 
London, 536p. 
Weller, J.M., 1956, Argument for diastrophic control of Late Paleozoic 
cyclothems: Ame. Assoc. Petroleum Geologists Bul l . , v. 40, 
p . 17-50. 
Winterer, E.L., 1964, Late Precambrlan pebbly mudstone in Normandy, 
France: Tillite or Tilloid? jj. Nairn, A.E.M., ed., Problems 
in Palaeoclimatology: Interscience Publications Tnc, 
New York. 
Winterer, E.L. and Von Der Borch, C.C., 1968, Striated pebbles in 
a mudflow deoosit South Australia; Palaeogeog., Palaeoclimatol., 
Palaeoecol., v. 5, p. 205-211. 
Wolman, M.G. and Leopold, L.B., 1957, River flood plains, some obser-
vations on their formation: U.S. Geol. Surv., Profess. Paoers, 
282C,p.87-107. 
Young, G.M., 1968, Sedimentary structures in Huronian rocks of 
Ontario: Palaeogeography, Palaeoclimatol. Palaeoecol., v. 4, 
p. 125-153. 
-C . ) »' 
APPENDIX - I 
Specimen 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
l e 
19 
20 
21 
22 
2 3 . 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
SHAPE AND SPHEBICr TY MEASUREMENTS OF CLASTS OF 
THE TALCHIR FORMATION. 
Long 
1.9 
1.7 
1.6 
1.8 
1.8 
1;5 
1.4 
2 .2 
1.8 
2 .0 
1.5 
1.9 
2 . 6 
1.8 
1.7 
1.9 
1.7 
2 .2 
1.9 
3 .1 
2 .4 
2 .3 
3 ,3 
1.5 
1.7 
1.8 
2 . 6 
1.9 
2 .4 
3 .5 
3.2 
1.4 
2 . 3 
1.5 
3 ;1 
2 .8 
2 .9 
1.7 
1.8 
2 .2 
Axes ( in era) 
Interme-
d i a t e 
1.1 
1.1 
1.2 
0 .9 
1.5 
1.2 
1.0 
1.5 
1.5 
1.8 
1.0 
1.7 
1.9 
l . l 
1.4 
1.4 
1.4 
1.7 
1.1 
2 . 3 
1.5 
1.5 
2 .8 
1.3 
1.3 
1.3 
2 . 1 
1.8 
1.8 
3.1 
2 .7 
1.3 
2 . 1 
1.1 
2 . 3 
2 .2 
2 .8 
1.5 
1.6 
1.2 
Short 
0 .8 
0 . 6 
0 . 5 
0 . 6 
1.1 
0 .9 
0 .4 
1.3 
1.0 
0 .4 
0 .7 
1.1 
1.4 
0 . 5 
1.0 
1.0 
0 .9 
1.0 
1.0 
1.5 
1.0 
1.4 
1.8 
1.1 
0 . 8 
0 . 8 
1.4 
1.3 
1.7 
1.9 
2 . 5 
1.0 
1.5 
1.0 
1.0 
0 . 6 
1.3 
1.2 
1.0 
0 .9 
S/L 
0.42 
0 .35 
0 .31 
0 .33 
0 .61 
0.60 
0.28 
0.59 
0 .55 
0.20 
0 .46 
0 .57 
0 .53 
0.27 
0 .58 
0.52 
0.52 
0 .45 
0.52 
0.48 
0 .41 
0.60 
0.54 
0 . 7 3 
0 .47 
0.44 
0 .53 
0 .68 
0.70 
0.54 
0 .78 
0 .71 
0.44 
0 .66 
0.32 
0 .21 
0.44 
0.70 
0 .55 
0.40 
L - I / U S 
0.72 
0 .38 
0 .36 
0 .75 
0 .43 
0.50 
0.40 
0 .77 
0 .37 
0 .25 
0.62 
0 .25 
0.58 
0 ,53 
0 .43 
0 .55 
0.37 
0.41 
0 ,15 
0.50 
0.64 
0.88 
0 .33 
0 .25 
0.44 
0.50 
0 .41 
0 .16 
0 .85 
0 .25 
0 .71 
0 .25 
0 .25 
0.80 
0.25 
0.27 
0 ,06 
0.40 
0 .25 
0 .77 
(Contd . ) 
^ : ^ ' : 
APPENDIX -
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
56 
59 
60 
61 
62 
63 
64 
65 
66 
67 
6B 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
I (Contd 
1.7 
2.8 
2.3 
2.2 
2.1 
3.0 
2.2 
2.5 
1.9 
4.7 
3.0 
2.9 
2.4 
3.4 
2.6 
3.8 
2.7 
2.6 
2.7 
2.1 
3.1 
5.7 
7.2 
3.6 
3.5 
1.8 
2.8 
3.0 
9.3 
3.7 
4.8 
3.4 
2.3 
1.3 
1.7 
2.4 
2.5 
3.4 
2.7 
5.6 
4.1 
6.2 
3.6 
1.9 
2.9 
5.4 
7,3 
3.5 
3.7 
8.3 
.) 
1.2 
2.1 
1.7 
1.8 
1.8 
2.1 
1.6 
1.9 
1.7 
2.9 
2.7 
1.8 
2.2 
2.1 
1.8 
2.1 
1.7 
1.7 
1.7 
1.7 
2.1 
4.2 
6.0 
2.8 
2.1 
1.6 
2.1 
2.4 
5.3 
2.9 
3.3 
3.3 
2.0 
1.2 
1.6 
1.7 
2.1 
2.5 
1.7 
4.0 
3.2 
5.5 
3.0 
1.4 
2.2 
4.7 
5,5 
2.6 
3.5 
5.4 
1.0 
0.5 
1.2 
0.6 
1.3 
0.9 
0.8 
0.5 
1.2 
1.6 
1.5 
1.4 
1.4 
1.5 
1.6 
a.o 
1.3 
1.0 
1.2 
1.3 
1.2 
2.5 
4.0 
2.2 
1.3 
0.5 
1.5 
1.0 
2.7 
2.3 
2.3 
1.5 
1.5 
0.9 
1.5 
1.2 
1.0 
1.3 
1.3 
2.1 
2.2 
5.0 
1.0 
1.2 
1.5 
2.3 
3.5 
1.8 
1.5 
3.3 
0.58 
0.17 
0.52 
0.27 
0.61 
0.30 
0.36 
0.20 
0.63 
0.34 
0.50 
0.48 
0.58 
0.44 
0.61 
0.25 
0.45 
0.38 
0.44 
0.61 
0.38 
0.43 
0.55 
0.61 
0.41 
0.27 
0.53 
0.26 
0.29 
0.62 
0.47 
0.44 
0.42 
0.69 
0.88 
0.50 
0.40 
0.38 
0.48 
0.37 
0.53 
0.80 
0.27 
0.63 
0.51 
0.42 
0.47 
0.51 
0.40 
0.39 
0.71 
0.30 
0.55 
0.63 
0.37 
0.42 
0.42 
0.30 
0.2B 
0.58 
0.20 
0.73 
0.20 
0.68 
0.80 
0.61 
0.71 
0.55 
0.66 
0.50 
0.52 
0.46 
0.37 
0.55 
0.63 
0.54 
0.53 
0.50 
0.60 
0.57 
0.60 
0.05 
0.37 
0.25 
0.50 
0.58 
0.26 
0.81 
0.71 
0.64 
0.47 
0.58 
0.23 
0.71 
0.50 
0,22 
0*47 
0.52 
0.09 
0.62 
(Contd.) 
APPENDIX -
91 
9 2 . 
9 3 . 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
llfi 
119 
120 
121 
122 
123 
124 
125 
I (Contd 
3.2 
4.4 
4 .5 
4.0 
3.4 
3 .8 
3.4 
2 .0 
2 . 7 
3 .5 
4 .1 
4.4 
7.2 
3.0 
2 . 5 
3 .7 
2 . 6 
3 .6 
2 .4 
2 . 5 
5.0 
4.7 
3 .1 
3 .1 
4 .0 
2 .1 
6.2 
5.0 
5.7 
4 . 3 
3.2 
2 .7 
2 . 3 
2 , 7 
2 . 5 
. ) 
1.8 
2 .7 
3 .6 
3 .6 
3.0 
2 .4 
3.0 
1.7 
2 . 1 
2 . 5 
2 .0 
3.0 
5 .1 
1.9 
2 .4 
2 . 1 
2.2 
2 . 6 
1.8 
2 .0 
4 .2 
4 .0 
2 . 5 
2 .4 
2 .7 
1.7 
4 .4 
3 .3 
4 .3 
2 . 1 
2 . 6 
1.5 
1.8 
2 .2 
2.2 
1.4 
2 .5 
3.3 
1.2 
2.0 
1.8 
2 .3 
0 . 8 
1.5 
2.0 
1.7 
2.2 
2 . 3 
1.6 
1.1 
1.2 
1.1 
1.5 
1.2 
1.2 
3.0 
2 .8 
1.5 
1.2 
2 . 3 
1.6 
4.2 
2 .8 
2 ,3 
1.8 
2.0 
1.3 
1.2 
1.5 
1,3 
0 .37 
0.50 
0 .73 
0.30 
0 .58 
0.47 
0 .67 
0,40 
0.55 
0.57 
0.41 
0.50 
0.31 
0.53 
0,44 
0.32 
0.65 
0.38 
0.50 
0.48 
0.60 
0.59 
0.48 
0.65 
0.56 
0.76 
0.67 
0.56 
0.40 
0.41 
0.62 
0.48 
0.52 
0.60 
0.56 
0.77 
0.89 
0.75 
0.14 
0.28 
0.70 
0.36 
0.25 
0.50 
0.66 
0.97 
0.36 
0.42 
0.78 
0.07 
0.64 
0.26 
0.47 
0.50 
0.38 
0.40 
0.36 
0.37 
0.36 
0.76 
0.80 
0.90 
0.77 
0.41 
0.88 
0.50 
0.85 
0.45 
0.33 
0.25 
k t , r 
in 
H 
§ 
a 
§ 
o 
M 
O 
b. 
O 
^ 
5 
u 
fe 
O Z 
g 
Cd 
«2 
W 35 
a. s 
U Cb 
l-H 
a 
M 
h 
0) 
0) 
E 
• » H 
•t-5 
e 
ti 
o 
B 
• i - ( 
w 
u 
V 
e 
o 
H H 
S 
O 
CM 
1—( 
1 
O 
>>-t 
•—1 
o 
» - l 
I - H 
1 
o o f - H 
8 
l - < 
o 
o^  
o 
a-
8 
o CO 
i 
p 
r-
o r-
1 
s 
s 
1 
S5 
1 
1 
o "tr
f 
o 
CM 
o 
CJ 
1 
o 1—1 
o 
»- l 
o 
e 
o 
• d 
• * 
<e S 
K 
o Cb 
o 
o 
o 
CO 
CM 
C5 
«q 
00 
o 
CM 
CM 
o 
CM 
CM 
o 
CO 
CM 
• 
\a 
a-
• 
rr 
rr 
O 
• lA 
o 
in 
1—1 
q 
m 
q 
o 
o 
in 
CM 
o 
CM 
q 
in 
o 
« 
in 
11 
3 
4-> 
o 
s 
h 
CO 
^ 
<e 
h 
re 
03 
u 
• f t 
A 
o 
l - t 
re 
H 
M 
<l> 
«i 
u 
en 
<§ 
o 
• r t 
c 
o 
• < H 
•» -> 
(0 
s 
• r H 
I - H 
C j 
B 
I-H 
§ 
1 
in CO 
in 
CO 
• 
8 
§§ 
1 
in CM 
in 
CM 
o CM 
o CM 
1 
in 
1—< 
in 
I -H 
1 
o i - H 
o 
1—< 
1 
in 
in 
1 
o 
s 
o 
• I H 
*> a 
e vi 
o Cb 
CO 
in 
CO 
CO 
CM 
in 
CM 
CO 
in 
CM 
o 
CC' 
CO 
CM 
CM 
CM 
CO 
CO 
in 
CM 
c^  
CM 
CO 
CM 
CO 
CM 
U 
o 
s 
CD 
u 
« 
CO 
o 
I—I 
y ^ 
en 
0) 
0) 
v< D 
a> 
t j 
s: 
• H 
' w ' 
J 
' i ; 
s» 
ce: 
W 
H 
z: t - i 
en 
to 
u 
t j 
TO 
o 
u 
o 
••J 
c 
0) 
3 
O 
o 
CL 
r H 
s 
» — f 
s 
r -1 
O 
^' 
'^ 
o 
"cr 
r-( 
1 
o CM 
1—^ 
O 
CM 
i—t 
1 
O 
o 
r - i 
o 
o 
r—f 
1 
§ 
o cc 
s 
s 
1 
o rr
§ 
1 
o CM 
o 
C^ J 
1 
o 
<u 
M 
3 • 
M O 
O Z 
g-Cd 
M 
o • 
+J O 
o Z 
a> 
V ) 
CO CO 
in >o 
•^  m 
cc -o 
cQ in 
to CM 
O 
CM r-4 
Cvi CM 
•-I CO 
^ 
^ g 
o f-
oc ^ 
a- t-
tn in 
CM 
CM 
— I 
•"S- t 
^ 
o 
CO O 
TT CO 
in CO 
•^ CM 
CM 
CO CM 
r- in 
C^ 
in 
CM CO 
t~ rr o m CO 
CO CO CO CM CO 
t— CM in h-
•o CM ^o r- I 
t- O CC CO I 
o O rr >— 
TT CO ^ •-' ^ 
f-< I ?•: I (-1 
CM CM I I 3^ 
,1 r-i 1 CO in 
•-1 CO I CO CC 
I-. M S> > 
>o 
c 
o 
o 
TT O 
CO CM 
CM CM NO 
in r- CC 
ITJ CO CO 
a- CM rr 
t— I 'g' 
rr CM c\i 
CM ^ I 
I CO CM 
I -H --< 
l-l I—I M 
CC 
P CO O 
CO CO n 
CM CC O^ 
CM CVJ CC 
CO <-( (-1 CM T r~ 
CM 
"-i CM O -
CO CO ca 
r~ o to 
I CO O 
ID 
• J 
B 
o 
o 
r r CO r -
T TT CO 
I—( CO CvJ 
CM CM CM 
j ; ^ i n r r r-c 
M 
a 
z 
a. 
t— >-i CM 
*-> HH 
TT CO i n 
CM '!T CO 
CM CM i - i 
T f CO l-H 
CM I—I 1-H 
CO CM I 
in 
in 
in 
CM 
O^ 
in 
CM 
in 
CO 
S in 
r- o 
CM 
CO r ^ 
O CM 
TT CO 
r-t TT 
in Ti' 
t ^ CM 
CO ^ 
^ rr 
o 
g 
c^ 
CO 
in 
CO 
CO 
sO 
CO 
sO 
CO 
00 
CM 
CO 
in 
in 
CO CM CO 
o 
O 
Vi 
t> 
Vi 
3 
W 
o 
CO 
I 
I o l l o l 
ICO 
I [ 
CM! 
^ 
^ 
Q 3 
^ 
CM 
I 
O 
•<3" 
CM 
l O 
• V 
CM 
I 
12 
C4| 
col 
o 
8 
r-if 
I 
o in 
r-t 
s 
s 
«> 
u 
3 
O O l 
led 
l>t 
2 c| 
o z | 
. •> i w 
e o 
• J 
<0 
e 
u o 
CO >0 T f 
rH <-t «—I 
i 
<-* CM I 
•—I .-H I 
I l O CM 
I CM —I 
I CM ^ 
r-1 CM •"< 
I -' CM 
•-H I CO 
I I I 
^ l-t I 
CO 
rr •« "O" 
i n »-i CM 
f - H i n CO 
i—i t—i I 
1-1 I I 
I I 
I I I 
I <-' 
I CM I 
—I I I 
CO CO i n 
CM CM CO 
CO 
CO 
CO 
>o >o f- t^ o 
t-1 CM CM »-< r r 
I •-• I CM CM 
I C^ I CM I 
I I I - < I 
I I I I 
I I I I 
I I I I I 
I I I I I 
I I I I I 
CO 
CO 
CO CO i n o^ CO 
CM CO <-* 
CM I I CM 
I I I I I 
I I I I I 
I I I l-H 
I I I CM 
l i l t 
I i I --H 
I I I I I 
t i l l 
CO I I I I I I .-H I I i-H 
CM I i n I I 
W »-l S . > 
M H t l-» 
•-H CM CO I I 
l - i t-H HH > t > 
in 
in 
O^ OS 
CM 
•O CM "-I 
CM 
in 
sO 
in 
I - H CM 
I • - ! CM 
I .-H I 
CM 
CM - ^ 
• - I I I 
I I I 
I CO I 
I I • 
o 
CM 
i-t >0 CO 
I—t ^ I—t 
O CM I 
CO I 
I I i 
I I < -
' - ' I I 
I I I 
I I t 
I I I 
I I 
CM I • - ( 
CM " -» t r I I r " 
CO 
in 
CO CO 
CO CO r- o-
CO CN« CM § ^9 
o CO a-
<-i CO I 
CO '-' I 
I I I 
I CO I 
I '-* I 
I CO rt 
I I -< 
I --* rr 
CM t •-' 
I I I 
co 
^ ifi t~ a - 1 ^ 
CM I r-( CM <-' 
CM CM I --I CO 
•-I <-< CM CO CM 
I I I r-4 •-( 
I i-H CO --< t 
I t •-< --I 1 
-< I I I I 
I —< 1 I I 
I I I I I 
I I I I I 
I I t I I 
I I I I 
l-< t-H 1-1 t> > 
CO 
CM 
h- CO o ^ 
I—I I—I CM CO 
CM <—I •—I 
rr 1 .-I U3 
I I CM 
I I CO CM 
I I I 
I I t 
i-H I I 
>-1 CM I '-< 
I I I I 
I •-< I I 
l-H i-H r-t CO 
»H M > 
Ifi ^ 0 CM 
CO I ^ 
CM I CO 
I I I 
<-! tr CO 
I t I 
1—I I f-i 
I I I 
in I '-^ 
in 
CO 
^ a- in 
I -^ I 
I CM I 
I rp I 
I I I 
I t 
I I I 
I I I 
I I I 
I I >~ 
I I '•O 
ty I ^ 
CM ^ 
CO 
CM 
CM 
CM 
O C- O 
<-< CO in 
CM '-' I 
-H CM I 
I I I 
I I CM 
I I "-> 
I CM 
CM I I 
CM CM t 
CM •-< I 
I I I 
rr 
CO CM CO CM 
I CM <-< 1 
I •- I 
I --I I CO 
I <-' I I 
I I I i-H 
«-H I I rH 
I "-H I I 
r-4 CVJ I rt 
I r-l l-l CM 
I I TT •. 
•-< CM in CO 
I Fil CM i-H 
l-( I-H HH > 
eo 
CO 
in 
z 
I — I 
a a 
03 
CO 
o 
03 
o 
< 
o 
d 
< 
CM 
CO 
CM 
CM 
CO 
, ^ 
in 
X3< Q Q 
•'T 
O - I 
CM CVJ 
00 / 'I ' 
i-H^o^coTifieoco 
tf J CM CM m CM '—' I ""T 
'(J" <—I I 1-4 •—I ^ v O ^ 
CU I ^ I •-' t CO I 
I I I I I I I I 
I I I '-' I I I I 
I I I I I I I I 
I I I 
I I I 
I I 
•o 
•J 
a 
I I I I t I I 
I I I I I I I I 
>0 TT TT 
<-H CJ 
I I O-
I • in 
I a- I 
I in I 
I I I 
I I 
I I I 
I I I CM I I I I I 
X 
a 
z 
Cd I •-<•-* i-i I I I I 
< 
M l-( l-l > M M 
in 
CO 
I I I 
CO I I 
CO I I 
U) in 
in vO CO CM 
t~- CJ CO -O 
in CO ^ 
t I I 
t i l l 
I I I I 
I I I I 
I I I 
I I I 
I I I I 
I I I 
CO <-< '-H in 
t-H 1-1 t-H 
o 
CM 
Q P 
CO CM 
TT in 
I I 
I I 
I I 
CO 
CM CO 
TT TT 
I -< 
«-• I 
I t 
CO o^  o^  y 
in CM CO CM 
CM in rr in 
CC CC CM 
t- CO CO 
I CO in 
I r-i i-t 
It 
•»-» 
B 
9 O 
I I -I 
I t 
t i l l 
I I 
CM CM 
M hi 
CM 
CO 
I I 
CM 
CM 
I I 
I I I I 
1 --1 1 I 
I •-< I 
I I I I 
--< I I I 
I I CO 
I I I 
I I I 
I I t 
I I 
I I I 
I i I 
>-f I I 
•-* M M 
CO 
CM 
h-i 
CM 
CO 
o 
CM 
CC CM 
CM C^ l iC J I- ^ 
C C C C t ~ i - i O t ~ t ~ > 0 
o 
I 
X 
l-t 
Q 
I 
>-t I f t CC •"• '" ' 
U5 —< CM CO >-< 
CM •-< I i n I 
I t I i-H I 
I I I I • 
I I I I 
I I I I I 
I I I I I 
I I I I I 
I • i I 
I I CM I i-H 
I ^ i n r-f r -
I-" H-t HH t > t > 
I—I •-» M 
in 
CM 
N O CM TT 
CM I 
I I I 
I I I 
I I I 
t I I 
I I I 
I I I 
I I I 
• - l O - O C M O ^ OCM O^CD i n ^ CD*-* 
i n I— l-t r-. CM 
>o rr 1-11-1 in 
I I I I 
I I I I —I 
I I I I I 
l i l t 
I I >— I 
I CM 
I I I <-i I 
rr CO 
-O rr 
I CM 
CO 
i I 
I I 
I I I I I I ' I 
I CM ' - ' 
I-H (-1 M 
CM 
I TT I ^ 
.-1 TT CM I 
I—I K( > S» 
CO 
CM 
I I 
l- l l-t 
CM I i n 
CO I CO 
I-H F~ 
I "-H 
CM I 
CM I 
I I 
CM CM 
i n CM 
I I 
I t 
I I 
I I 
- H I I I I I 
I I 
CM ec 
TT CM 
CM 
CM O^ 
CO CM 
CM I 
• ^ I 
I I 
t^ 
^ 
in 
I I 
I t 
I I 
I I 
I I 
I I 
I I 
o 
z 
t-H 
o 
a 
t m 
o 
o 
a 
ce: 
CM 
<-H I 
>o I 
vO 
CO 
I —I 
I-H CO 
coin 
I CM 
CO CM 
•»•;> 
B 
O 
o 
X 
Q 
Z (d 
a. 
cu 
U3 CM 
Oi ^ 
p-4 ^-1 
CO 
I CM I 
I T T 
C O ( I 
I I t 
I I 
I <-i I I 
I <-! 
I C M 
I I 
-^ I 1 
I CM IT 
CJ I 
CM I 
I "-I 
I I 
1 '-^ 
CO 
CM 
CM 
X J 
03 o 
CM 
CM 
CO 
ce 
SB 
< 
9t) 
APPENDIX - V COMPUTED VALUES OF VECTOR MEAN AND VECTOR 
STRENGTH (L) OF DIMENSIONAL PEBBLE FABRIC 
OF TALCHIR DIAMICTITES AT EXPOSURE LEVEL, 
Formation ., 
TALCHIR 1 
1 
2 
2 
3 
3 
10 
11 
11 
12 
13 
16 
16 
16 
16 
16 
17 
17 
17 
18 
18 
18 
19 
19 
19 
Exposure 
No. 
T 
I I 
I 
TI 
I 
IT 
T 
T 
I I 
I 
T 
I 
TI 
I I I 
IV 
V 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
No. of 
Readings 
( n ) • 
31 
30 
40 
30 
40 
30 
51 
60 
75 
90 
63 
37 
34 
30 
25 
33 
34 
20 
40 
30 
38 
30 
31 
32 
29 
Vector Mean 
(0 V) 
312 - 132 
325 - 145 
293 - 113 
319 - 139 
841 - 161 
350 - 170 
112 - 2§2 
2P4 - 104 
293 - 113 
339 - 149 
309 - 129 
311 - 131 
298 - 118 
309 - 129 
340 - 160 
222 - 42 
290 - 110 
211 - 31 
299 - 119 
7 - 187 
327 - 147 
328 - 148 
201 - 21 
326 - 146 
316 - 136 
Vector 
S t rength 
(L) % 
38 .1 
48.0 
56.5 
56.5 
47.6 
49.7 
28.37 
27.0 
26.0 
31.17 
18.0 
52.0 
45.0 
57.0 
63.0 
35.8 
53 .3 
18.0 
56.0 
11,0 
86 .4 
30.2 
7.48 
81.0 
55.2 
/i J u 
APPENDIX - VI COMPUTED VALUE OF VECTOR MEAN AND VECTOR STRENGTH 
OF CROSS-BEDDING AZIMOIH AT EXPOSURE LEVEL 
_ ^ _ No. o f tr *. « Vector 
Formation ^^j j^^' Ej^osure ^ ^ 3 ^ , ^ Vector Mean g^^^ 
MOTUR 31 I 
I I 
I I I 
4 
9 
15 
45 
316 
53 
97.5 
81.4 
88.4 
21 
41 
37 
44 
I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
7 
6 
12 
11 
10 
13 
9 
10 
9 
10 
15 
18 
205 
0 
4 
264 
142 
33 
352 
289 
53.0 
37.0 
17.6 
67.88 
74.0 
37.7 
69.4 
48.3 
60.0 
3.9 
46 
22+23 
I 
I I 
I I I 
IV 
I 
I I 
I I I 
IV 
V 
3 
12 
13 
12 
6 
5 
7 
9 
7 
152 
25 
50 
50 
324 
276 
300 
346 
303 
47.0 
22.0 
86.3 
12.5 
73.0 
46.0 
75.4 
69.1 
89.1 
34 
33 
I 
I I 
I I I 
I 
I I 
I I I 
13 
16 
14 
14 
16 
14 
2 
240 
164 
359 
329 
33 
56.0 
46.6 
47.9 
62.8 
45.8 
77.1 
17 I 
TI 
I I I 
IV 
V 
6 
6 
7 
7 
6 
25 91.0 
320 89.4 
6 97.0 
291 80.0 
336 96.8 
(Contd.) 
APPENDIX - VT (Contd.) 
'^J$ 
53 
51 
48 
55 
56 
I 
II 
III 
IV 
I 
II 
III 
IV 
I 
II 
lit 
I 
II 
III 
IV 
V 
11 
6 
3 
7 
7 
8 
10 
16 
15 
6 
12 
13 
3 
5 
9 
3 
326 
33b 
330 
291 
316 
34 
282 
317 
359 
239 
330 
6 
24 
3 
340 
317 
50 
82.0 
96.8 
47.0 
80.0 
58.0 
42.7 
61.0 
48.0 
46.9 
68.5 
20.3 
.93.2 
94.3 
96.0 
31,4 
76.6 
90 
BASAKAR 22 
23 
24 
25 
I 
II 
I 
II 
III 
IV 
T 
11 
III 
I 
II 
III 
IV 
V 
10 
11 
8 
9 
9 
15 
8 
8 
12 
8 
8 
17 
11 
10 
325 
313 
342 
339 
314 
329 
349 
317 
328 
318 
339 
358 
303 
9 
81.0 
62.0 
95.0 
64.0 
83.0 
91.0 
96.0 
86.0 
71.0 
95.0 
90.0 
90.5 
85.0 
92.0 
36 
37 
27 
I 
II 
I 
IT 
I 
TI 
H I 
15 
4 
8 
11 
7 
7 
6 
348 
330 
326 
343 
332 
358 
360 
83.5 
95.0 
90.0 
80.0 
98.0 
81.0 
92.0 
(Contd.) 
APPENDIX - VI (Contd.) 
26 
28 
• 
14 
I 
TI 
I 
IT 
III 
IV 
V 
I 
II 
III 
IV 
V 
VI 
VII 
VTII 
12 
9 
11 
10 
6 
12 
9 
11 
4 
9 
8 
4 
55 
8 
8 
333 
25 
329 
0 
14 
22 
324 
324 
345 
334 
338 
323 
321 
322 
320 
70.0 
90.0 
96.5 
75.0 
93.0 
42.0 
75.5 
92.4 
92.0 
85.0 
77.0 
90.7 
97.8 
97.3 
91.5 
15 
6 
5 
32 
35 
21 
I 
TI 
III 
I 
T 
I 
II 
I 
II 
I 
IT 
6 
14 
24 
10 
10 
10 
12 
9 
8 
10 
10 
45 
285 
340 
319 
318 
90.0 
96.0 
97.0 
88.4 
81.0 
^ . 327 96.6 
326 '" 84.5 
249 
342 
333 
330 
45.5 
98.3 
88.8 
88.4 
20 
TALCHIR 
T 
II 
II 
TV 
15 
6 
8 
12 
341 
335 
334 
354 
93.0 
91.6 
92.4 
91.1 
18 
19 
20 
I 
I 
II 
III 
I 
II 
5 
10 
8 
4 
6 
6 
142 
262 
317 
15 
128 
334 
77.4 
31.3 
80.7 
99.0 
76.5 
63.3 
32 359 89.5 
-J[ D e^ K,' 'J 
APPENDIX - VI I I WEIfflT PERCENTAGE OF 'GRAVEL', 'SAND' AND 'MUD' 
FOR THE GRAIN SIZE NOMENCIATURE OF LOWER 
GONDWANA SANDSTONES. 
FORMATION 
MOTUR 
Sample No. 
Ml 
M4 
"5 
^^ 6 
"7 
'^8 
M9 
"10 
'hi 
^^12 
«13 
^14 
"15 
^16 
^17 
^18 
^19 
'^^ 20 
^21 
^22 
"26 
hi 
he 
h9 
ho 
hi 
h2 
"33 
h4 
"40 
GRAVEL 
0.085 
13.970 
.67 
-
.089 
17.528 
4.40 
-
.820 
2.143 
5.25 
14.890 
4.87 
49.65 
0.99 
0.25 
2.40 
0.6] 
25.5 
3.90 
9.415 
24.90 
0.964 
12.33 
4.30 
28.625 
8.980 
7.582 
0.007 
0 .50 
SAND 
99.84 
84.617 
99.3 
99.731 
98.051 
80.56 
95.2 
96.459 
96.077 
95.99 
93.90 
49.399 
84.018 
49.99 
97.550 
97.9 
96.40 
98.20 
64.00 
95.80 
84.83 
73.70 
97.010 
86.77 
95.40 
70.28 
88.792 
90.916 
94.72 
99.54 
MUD 
0.06 
0.010 
0.56 
0.44 
.960 
0.753 
0.40 
2.600 
2.865 
1.53 
0.74 
.515 
1,105 
0.30 
1.45 
1.70 
1.24 
0.94 
0.214 
.05 
0.70 
1.7 
1.50 
0.83 
0.30 
1.275 
1.725 
0.855 
4.94 
.001 
(Contd.) 
3 u •' 
FORMATION Sample No. 
^^42 
'-'44 
"50 
BARAKAR B ^ 
h 
^3 
^4 
^ 
^ 6 
B^ 
7 
^P, 
^10 
^11 
^12 
^ 3 
^15 
^17 
^25 
^36 
^41 
TALCHIR T j 
^2 
^3 
"^ 4 
^5 
^6 
h 
''B 
'^9 
^10 
"^11 
^14 
GRAVEL 
20.30 
-
-
-
4.853 
3.9fl5 
0.R68 
0.57B 
0.240 
2.90 
3.79 
0 .01 
1.30 
2.90 
7.3 
-
11.035 
-
-
4.598 
0.014 
-
0 .28 
-
-
0.032 
0.28 
0.28 
0.425 
36.2 
?1;06 
48.14 
SAND 
78.50 
99 .8 
97 .91 
98.50 
93.502 
93.870 
97.342 
97.763 
99.00 
96.60 
95.33 
95.70 
96.70 
94.40 
92.0 
99.077 
87.043 
99.395 
93.46 
93.392 
96.10 
95.44 
99.4 
95.01 
95.50 
97.10 
99 .4 
99.4 
97.760 
63.00 
77.37 
50.34 
MUD 
0 .97 
0 .96 
1.905 
1.30 
1.160 
1.790 
1.190 
1.140 
0.695 
0 .4 
0.59 
4.07 
1.15 
1.9 
0.355 
0 .696 
1.530 
0 .43 
5.57 
2.215 
3.88 
4 .46 
0 .24 
4.90 
4.50 
4.50 
0.243 
0.24 
1.295 
0 .35 
1.31 
1.40 
^u 
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